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Using high intensity sound to establish sensitive planes within 
equipment is becoming essential in pointing up design limitations. 


Sou nd Sha ke Do This eight-inch plane wave tube is one of a series developed by Ling-Altec for 
e wr. ee such testing of small equipment and components—particularly electronic gear. 
Specimens are subjected to sound pressure levels of from 145 to 160 db, 
under conditions similar to that of a free field. They can be observed during 


plane wave tube creates high intensity sound test through a special viewing port in the tube. The walls of the tube 
confine the energy required for a given output, making it particularly efficient. 


J for vibration testing of small components! Experience in the design and manufacture of all three basic types of high 
intensity sound testing equipment — Reverberant Chambers; Plane Wave 
MENT Tubes; and Exponential Horns with Electro-Pneumatic Transducers —as well 


as the complete line of Electro-dynamic Vibration Systems allow 
INIG ELECTRONICS, INC. 


Ling-Altec to meet your most demanding test applications. 
ion of Ling-Altec Electronics, Inc. « Dept. Q-459 * 1515 South Manchester Avenue, Anaheim, California « 120 Cross Street, Winchester, Massachusetts 


Call or write for specific information! 
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Drop Tester 
Specimen weights to 400 Ibs. 
Peak accelerations to 77 g's 
Applicable to: 
MIL-E-5272A 
MIL-E-5400A 
MIL-T-5422C 


High-Impact Shock Testing Machine 
tor Light Weight Equipment 

Specimen weights to 400 Ibs. 

Two 400 Ib. hammers 

Certified by U.S. Navy 


Applicable to MIL-S-901B 


The Belock Environmental 
Testing Laboratory, one of the 
newest and most modern in the 
East, has facilities for shock 
testing components and assem- 
blies weighing from 0.4 to 4,000 
Ibs. 


Shock testing is only one of the 
many services offered at Belock. 
The Environmental Laboratory 
has complete facilities for test- 
ing your finished product under 
all static and dynamic environ- 
mental conditions: 


at temperatures from —100°F 
to +300°F and at altitudes 
from 0 to 100,000 feet 
under accelerations up to 
1000 g’s 

during vibrations up to 2,000 
cps at 0.3 inch peak to peak 
displacement. 


MIL-T-17113 


Sun, rain, sand, dust, fog, and 
salt spray can also be simulated. 


Awide variety of electrical, elec- 
tronic, pneumatic, hydraulic, 
and thermal measuring instru- 
ments are available for measure- 
ment of all required parameters 
during test. Complete pro- 
grammed control systems allow 
automatically controlled test 
periods lasting from a few hours 
to several months. Adequate 
power is available for conduct- 
ing tests with variable voltage 
d. c., and 60-cycle and 400-cycle, 
single- or three-phase a. c. 


For a brochure describing our complete facility, call Hickory 5-4200 Ext. 369 or 370, or write — 


BELOCK ENVIRONMENTAL TESTING LABORATORY 
Belock instrument Corporation 


College Point, 56, New York, N. Y. 


High-Impact Shock Testing Machine 
tor Medium Weight Equipment 

Specimen weights to 4,000 Ibs. 

Peak accelerations to 1000 g’s 

Hammer weight — 4000 Ibs. 

Table travel pneumatically controlled 

Certified by U.S. Navy 

Applicable to MIL-S-901B 


MIL-T-17113 


The facilities of the Environs 
mental Laboratory are backed 
by the Belock engineering staffj 
a publications departmeng 
photographic department, and 
IBM statistical section to help 
you carry out any comprehensive 
testing program you may desiré 
A completely equipped machiné 
shop is available for construc: 
tion of all fixtures and mount 
ings required for your tests. 
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Partial view of a 10’ 
x 10’ x 35’ low tem- 
perature test cham- 
ber built by the 
Mantec Division of 
Wyle Manufacturing 
Corp., El Segundo, 
California. Bulk liq- 
| uid PURECO CO. can 
> bring the interior 
down to —110° F. in 
minutes. 


ig URECO CO, puts the freeze on Wyle test chambers 


Inside this low temperature chamber at Wyle Lab- 
oratories, missile and aircraft mobile ground sup- 
port test units are subjected to temperatures plung- 
ing well below arctic fare. 

The best refrigerant for this important test job 
is PURECO CO, in bulk liquid or solid form 
(“DRY-ICE”). It can be ACCURATELY CON- 
TROLLED, is MAINTENANCE-FREE, CON- 
VENIENT, RELIABLE and LOW IN COST. 


Wyle standardizes on PURECO CO, because 
PURECO means dependability of supply and 
know-how. 

PURECO’S Technical Sales Service is qualified 
to assist you in adapting CO, to any particular 
refrigeration or inerting application. Call your 
PURE CARBONIC representative. There are 
more than 100 PURECO locations from coast 
to coast. 


Pure Carbonic Company 


A Division of Air Reduction Company, Incorporated 
150 EAST 42ND STREET, NEW YORK 17, N. Y. 
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Environmental Quarterly, the pioneer scien- 
tific, industrial and service newsmagazine in 
the field of environmental simulation and 
testing, is independently published in Jan- 
uary, April, July and October by Environ- 
mental Publications, Inc., Martin Z. Post, edi- 
tor and publisher. Address for gen*.al corres- 
pondence: P, O. Box 2583, Grand Central Sta- 
tion, New York 17, N. Y. Editorial and adver- 
tising correspondence may be addressed to: 
252-46 Leeds Road, Little Neck 62, N. Y. Tele- 
phone: BA 5-0880. 


Circulation this issue: 5,400. Subscription: £4 
annually in the United States and Canada, 
$5 elsewhere. Extra copies and back issues, 
$1 per copy except as specified. With the 
expiration of the current subscription periods, 
Quarterly will be circulated free of charge 
to individuals, scientists, engineers, educators, 
students and others in the U. S. who have a 
professional or business interest in 2nviron- 
mental research, simulation, testing, produc- 
tion and sales. The rate to all others remains 
the same. To qualify for a free “individual” 
subscription send full name, position, com- 
pany, nature of business and company and 
home address to the above post office box 
number. 


Quarterly welcomes competent expressions of 
opinion, but statements in its pages do not 
necessarily reflect its views. Right is reserv- 
ed to extract portions of letters and other 
material submitted for publication. Corres- 
pondents must be fully identified, but names 
will not be published if such a request is 
made. 


Printed by Princeton Printing Co., 176 Al- 
exander Street, Princeton, N. J. Copyright © 
Environmental Publications, Inc., 1959. 
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Juside This Issue 


ARTICLES 


The + and — of CO, 
The first of a multi-part EQ report on expendable 
refrigerant cooling systems 

Practical vs. the Ideal 


by John H. Armstrong and George Stathopoulos, Naval 
Ordnance Laboratory, White Oak, Md. 


The second and concluding article on “The Seismic Shock 
and Vibration Pickup.” 
Primer on Piezoelectric Accelerometers 
by Warren D. Hancock, Endevco Corporation 


A lucid summary by a man who has won awards for his 
ability to present technical subjects graphically. 


SPECIAL FEATURE 


Path of the Environment: A Decade-End Review and Forecast 


As High as the Sky and Down to Earth 


by Harold C. Jones, President, Institute of Environmental 


Sciences 


Future Unlimited 


by Charles C. E. Harris, President, Environmental 
Equipment Institute 


The Threshold of Knowledge 
by E. C. Burkhart, President, Genisco, Incorporated 


DEPARTMENTS 


EQ’S ALBUM ° An exclusive feature of the new EQ 


In environments, too, a picture speaks a thousand words 


AROUND THE ENVIRONS ° 
Notes of interest to those who work with environments 


ENVIRONMENTAL BUSINESS ° An exclusive feature of the new EQ 


The commercial and industrial side of environments 


ENVIRONMENTAL WANT ADS ° An exclusive feature of the new EQ 
LITERATURE FOR ENVIRONMENTS °_ A special report by the new EQ 


A digest of latest information material 


NEW PRODUCTS ° A special report by the new EQ 
Photos and text about devices to improve environments 


PEOPLE YOU KNOW e 
News of those who have changed their environments 


POST SCRIPTS e 
INDEX TO ADVERTISERS 


A report from the editor of EQ 


An exclusive feature of the new EQ 


A special report by the new EQ 


A regular feature of the new EQ 
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Thorough planning and pre-test study is o vital phase of 
creative test engineering. 


... Where creative test engineering 
is a specialty of the house 


Aerotest Laboratories, with its outstanding staff of pro- 
fessional test engineers and technicians, suppo by. 
modern plant facilities and one of the country’s most 
extensive arrays of standard and special test equip- 
ment, has added a new dimension to test laboratory 
services — creative test engineering. 

When a vital test program calls for more than the 
routine performance of standard tests in accordance 
with standard specifications, you can rely on Aerotest’s 
highly developed skills in creative test engineering for 


Hydrogen Peroxide flow Aircraft and missile vibra- the solutions to your really “tough testing problems. 
testing—flow rates to 150 tion testing—to 20 g’s and At Aerotest, creative test engineering is a specialty 
gpm, static pressures to 2,000 cycles per second. of the house, made possible by years of dive 
3,000 psi. experience, technical imagination and know- how. 


General laboratories for test-- Walk-in témperature chamber, ' Temperature- altitude- humidity,. © Complete machine shop facili- . 
ing of electrical and electronic —B5°F to 250°F, 8’ x 8 x 8’. —100°F to 250°F, 200,000 ft., ties for fabricating special test _ 
equipment. : 5% to 95% humidity, 10’ x fixtures and equipment. 
Complete functional and environmental testing of electronic, mechanical, 
pneumatic, hydraulic, avionic and fuel system equipment. 
< LOW TEMPERATURE RAIN HOT FUEL FLOW 
HIGH TEMPERATURE SUNSHINE HIGH. ALTITUDE 
FUEL RESISTANCE ENDURANCE SAND AND DUST 
6 ENVIRONMENTAL VIBRATION EXPLOSION HUMIDITY 
CONTAMINATED FUEL NOISE LEVEL SALT SPRAY. 
ACCELERATED CORROSION SHOCK IMMERSION 
56 RADIO INTERFERENCE FUNGUS ACCELERATION 
ROCKET & MISSILE LIQUID PROPELLANT FLOW TESTING 
42 
4-25 Complete test proposals submitted without obligation. 
Write for illustrated brochure of full information on Aerotest facilities and 
“a services. Aerotest Laboratories, Inc. 129-11 18th Ave., College Point, N. Y. 
58 
ENVIRONMENTAL & QUALIFICATION TESTS + DESIGN EVALUATION TESTS 
Aerotest maintains two new plants at College Point, N. Y., RESEARCH & DEVELOPMENT + PRODUCTION SAMPLING TESTS 


only 5 minutes from New York’s LaGuardia Airport. TEST EQUIPMENT DESIGN * INSPECTION METHODS * QUALITY CONTROL ANALYSIS 
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Post Seriya t5 


* The Old Decade Changeth .. . 


At the end of a decade that coincided with the coming of age of the 
Environment, Environmental Quarterly asked a number of leaders of the 
field to assess the past and foretell the future. The result is an absorbing 
group of articles, the first of a continuing series under the general heading 
of “Path of the Environment.” 

In this issue you will enjoy “As High as the Sky and Down to Earth,” by 
Harold C. Jones, president of the Institute of Environmental Sciences; 
“Future Unlimited,” by Charles C. E. Harris, president of the Environmental 
Equipment Institute, and “The Threshold of Knowledge,” by E. C. Burkhart, 
president of Genisco, Incorporated. 

The consensus: The past was fruitful; the future is bright, and the En- 
vironment, essential tool of the Space Age, will play an even more im- 
portant role in the sobering, Soaring Sixties and beyond. 


* A Seismic Success 

The subject of our contents calls for a comment on the Armstrong-Stath- 
opoulos articles on seismic shock and vibration pickup concluded in this 
issue. They came to our attention through the good offices of an eminent 
educator who had had a chance to see them in the early preparation 
stage, and we commend his judgment. We'd like your reaction on this 
and on the general editorial menu Quarterly has served up this year. 


* What's in a Name? 

Ask any merchandising man and he'tl tell you that the name is very im- 
portant in popularizing a product. But science is not soap seiling, and the 
short, snappy trademarks that the soap-boxers use to brand their products 
wouidn’t seem to go in a technical tieid. 

The case in point, of course, is “environment” and “environmental.” 
Walk up to a stranger and toss them at him, and he'll be contused at 
tirst, possibly thinking of psychological environment or something. But 
tell him “pnysicai” environment and ne‘ll catcn on pretty tast. 

Comes now a relatively new environmental testing technique, and a 
new word to describe it. ine technique, ot course, is to combine environ- 
ments. Stellardyne Laboratories’ word tor combined environments is 
“Comvironments.” We like it and wish it well. 


* Your Name’s Important 

In many ways, your name is extremely important to Environmental 
Quarterly. First, it belongs on our circulation lists if you work or teach in 
the environmental field. that covers a lot of territory, but so does Quar- 
terly . . . enough this issue, incidentally, to embrace 5,400 readers—or 
more, because of the way we get passed around. 

But there’s no need to relinquish your copy of Quarterly. If you have a 
colleague or two who doesn’t get Quarterly regularly, and who qualifies 
as a reader by virture of his interest in the field, all you have to do is to 
play reader’s tag with the postage free reply card bound into this issue. 

Your name is also important to Quarterly in its several editorial depart- 
ments. Has anything happened to you recently? Or to a friend or col- 
league? Graduated? Gotten married? Had a baby? Promoted? Changed 
jobs? If you have any news about people in environments, and any pic- 
tures of people—especially informal ones—send them along without delay. 
The address is on our title page. Our readers are our reporters—and you 
don’t have to worry about writing it, although your firm’s advertising or 
public relations people will be glad to help. In any case, we'll handle the 
prose if you give us the news. 


4 


Our Own Sputnik 


The Space Age was born on Oct. 4, jpg 
when the Russians loosed their first § 
nik. Hoping to mark the second anniy 
appropriately in this issue of Quarterly, 
wrote to Moscow earlier in the year 
ing some enlightenment environmental, 

At the suggestion of the Soviet emb 
in Washington, the letter was addressed 
the Academy of Sciences asking if one of; 
scientists might not prepare an article 
us “describing the importance of envi 
mental work in your country’s rocket p 
gram.” The letter then explained what « 
vironmental testing means in the Uni 
States. 

Following is the reply we received frm 
A. A. Blagonravov, a member of the a 
emy, as translated here by a teacher ¢ 
Russian: 

“We thank you for your kind letter @eC 
which you ask us to write an article abo 
modeling in the field of rocket techniqu 
You were right in emphasizing the big vari 
of problems in connection with this kind 
modeling. 

“This variety makes it very difficult for 
single scientist to write an article.” 

We haven’t given up on that project, b 
until we can report greater success, 
is an excellent source of information on k 
sian scientific studies available in this co 
try. It is the Office of Technical Services 
the U. S. Department of Commerce, Wat 
ington 25, D. C., which publishes Russi 
technical journals in abstract. One 
journal, selling for 70c an issue ($2.50 f 
four quarterly issues), is called “Refrig 
tion Engineering.” The OTS will send you 
complete list of these journals on request. 


Idea Swap Shop 


In the July issue, we presented 
request for more information on tran: 
sibility reports covering whole missile 
tests and WFV‘s for data on spark 
breakdown voltages for altitudes up to 10 
000 feet. 

AHA suggests that WFV might find 
book by James Dillon Cobine, “Gaseo 
Conductors” (Dover Publications, Inc., 
York), of some help, and adds that he hi 
self is interested in spark-gap breakdo 
voltages up to 250,000 feet. 

“We are in the combined environme’ 
test business testing missiles and we, 10 
would like answers to WRM’s_ inquiry 
information on transmissibility reports co 
ing whole missile shake tests,” AHA write 

“We also need published information 
reports on the outgassing of various 
of materials at ultra-low vacuums. Is 
such data available? If so, where?” 

Can any reader help these readers? 


Pats on the Back 


If we may, we'd like to quote 
closing paragraph: “We are very | 
pressed with the attitude of the July, 19 
issue of Environmental Quarterly and 
that you will continue to expand your 
ices and information.” 

This is typical of the many letters 
have received in recent weeks—many 
them with half a dozen or more names 
engineers asking to receive “Environme 
Quarterly” regularly. 
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ropulsion Test Facilities offers a single source for the creation of multi-force, omni-environmental test 
acilities, such as engine test cells . . . complex space simulating cells . . . airframe and missile flutter 
‘end fatigue test equipment. More important, it provides the broad scope of test knowledge and practical 
experience required for such responsibility. The qualifications of the men available to you through PTF 
‘B—men who themselves have been long time users of such equipment in the industry—guarantees maxi- 
“Bmum reliability and accuracy of test data, maximum convenience and safety for operating personnel, 
maximum economy consistent with desired results. Men and facilities both are described in a detailed 
brochure. Write for a copy. Propulsion Test Facilities, Inc.@420 Fitch Street, New Haven 11, Conn. 
(An affiliate of MB Electronics, a division of Textron Electrics, Inc.) Western headquarters, Culver 
City, Calif. World-wide sales-engineering representation. 


“PROPULSION TEST FACILITIES, Inc. 
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Air Force Is Victor 
In Space Role Fight 


Amid Russian moon-ing, Congressional 
grumbling, belt tightening and general 
reappraisal, the Air Force emerged on 
the top of the heap in the Defense De- 
partment’s space program. The Penta- 
gon’s Advanced Research Projects Agency, 
sharply downgraded, returned most of its 
projects to the armed services whence 
they had come, and the Army seemed on 
the way to a secondary space role in the 
Soaring Sixties. 


For example, the reorganization turned 
the Army’s Ballistic Missile Agency at 
Huntsville, Ala. into a “contractor,” and 
the Pentagon made it clear that even 
though the Army is developing the 1%4- 
million pound thrust Saturn, the rocket 
would eventually go to the Air Force. 


ARPA, it was explained, would con- 
tinue to be responsible for advanced re- 
search, but the Air Force’s is the eventual 
full responsibility for developing, produc- 
ing and launching military space vehicles. 


Criticism from Capitol Hill 


The space-mission shakeup seemed al- 
most in answer to a rather strong sug- 
gestion from Capitol Hill that President 
Eisenhower consider merging the Army 
and Air Force to cut out duplication in 
the missile program. 


The spectre of a reunited service was 
raised by Rep. Holifield’s Government 
Operations subcommittee, which declared 
that merger seemed to be the only way 
to get rid of “the basic clash” between 
the two services in the missile field and of 
the attending duplication and waste. 


The committee figured that over the 
past nine years the military has spent $25 
billion on missiles, and that $10 billion of 
that has gone on only six missiles: Atlas, 
Titan, Minuteman (all 5,500-mile ICBM’s) 
and Thor, Jupiter and Polaris (1,500- 
mile intermediate ranges.) 


The committee said $2.3 billion has 
been spent on missiles that never amount- 
ed to much, and it found fault with the 
Pentagon for ordering up both Thor and 
Jupiter at a cost of $11 billion to do es- 
sentially the same job. 


Sudden End of the F-108 


In late August, Air Force Secretary 
Douglas told the “Wall Street Journal” 
that he might be able to save every major 
missile and aircraft program despite the 
economy drive, although it was not to be 
an easy assignment. Twenty-eight days 
later, with Premier Khrushchev very much 
in evidence around the country, North 
American Aviation’s contract for the 2,000 
m.p.h. F-108 long-range interceptor was 
cancelled. 


AROUND THE ENVIRONS... moni 


Swift, light and powerful, Rocket- 
dyne’s 150,000-pound thrust IRBM 
liquid propellant propulsion system is 
perhaps best known as the first-stage 
partner of the well-known research 


For a Thor (Destination Unknown) 
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Thor engine configurations to 28 ; 
the model shown coming off the Nort 
American Aviation Inc., line in New 
sho, Mo. The goal for NAA’s design 
ers and testers at Canoga Park, Calif, 


team of Thor and Able. Components is a propulsion system with just} ( 
have been reduced from 46 in early components. opt 
Ait 
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Stricter Cost Control P th: 
Is Word from Air Force News Briefs sp 


The word from the Air Force is 
that there will be a closer watch on 
contractor costs. Soon, it is reported, 
the service will require a certificate of 
accuracy from subcontractors with con- 
tracts over $100,000 in contracts where 
there’s been no strong competitive bid- 
ding for the job. 

“You can help us improve our posi- 
tion before Congress if you will co- 
operate,” Lt. Gen. M. E. Bradley Jr., 
deputy chief of staff, materiel, told 
contractors at the Air Force Associa- 
tion convention last month. 


Seeking some consolation in the situa- 
tion, air officials were reported as saying 
that part of the $150 million spent on the 
F-108 would be of value in NAA’s related 
B-70 Valkyrie program, and that the B-70 
might well be turned into a supersonic 
multi-purpose weapon. 

The F-108's nosedive left some other 
projects in an apprehensive state. The 
Titan ICBM (Martin Co.) was one of the 
projects defense budgeteers were eyeing 
axe in hand. It performs about the 
same job as the Atlas (Convair), which 
is nearly battle-ready, and is about a year 
behind Atlas in development. The third 
big one, the quick-firing, solid-fueled 
Minuteman (Boeing) may be ready by 
1962-3. Some officials were represented 
as feeling that if something has to go, 
the middle-link Titan is it. 


LOS ANGELES—We have quite a wi 
to go in space technology, says Dr. 7 
Keith Glennan, head of the Nationd 
Aeronautics and Space Administration 

The technical barriers into space ared 
lot tougher than were realized whe 
NASA was set up a year ago, the civilian 
space chief said, adding that the Rw 
sians aren't such super scientists—the 
just started in the space exploration field 
six or seven years before the United States 


* * 


PHILADELPHIA—The biggest 
of military hardware flung into the # 
and recovered—a 12-foot Atlas nose com 
—seems to establish the superiority @ 
blowing noses over sniffing. 

Built by General Electric’s Missile an! 
Space Vehicle Department as was 
younger Thor-Able brother (recover! 
this Spring) the re-entry vehicle was coat 
ed with a heat-shield material that 
porized and blew away as it hit the te 
rific temperatures of the return tip 
Thor-Able used the same ablation pring 
ple. 

Other Thors and Atlases have used i 
heat sink principle—a shield to asbom 
heat instead of dissipating it. 


CHICAGO—Looking farther than 
moon, the Armour Research Foundatiot 
of the Illinois Institute of Technology * 
trying to find out if anything can liv 
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ion Mars. Three tough germs (of pneu 
monia, food poisoning and tetanus) and 
two ancient primitive forms of vegeta- 
tion (mosses and lichens) have been 
placed in test tubes containing what pas- 
ses for the Martian atmosphere (98.5 per 
cent nitrogen, a very small amount of 
oxygen and carbon dioxide and the rest 
argon.) The test tubes will be kept at 
© Martian temperatures, which in summer 
range from 77°F down to 22° below zero. 


SAN ANTONIO—Dr. James A. Van 
® Allen, for whom the earth-girdling radia- 
tion belts are named, and Dr. Homer E. 
® Newell Jr., assistant director of NASA, 
figure that at speeds only one-third that 
of light a space vehicle will crash into so 
® many hydrogen atoms—nine billion pro- 
tons and a similar number of electrons 
per second—as to raise the radiation level 
§ to 20 million roentgens an hour. A lethal 
dose is 1,000, and even if the crew could 
be shielded, the rocket’s exterior probably 
would deteriorate, they believe. 


CAPE CANAVERAL — Despite the 
opening of California’s Vandenberg 
Air Force Base as a missile launching 
site, there’s no let up in activity at 
this originial space base. It’s estimated 
that half a billion dollars have been 
spent on the Canaveral test center, 
supporting facilities at Patrick Air 


Find It on the Moon— 
Even If You Can’t Say It 


Should Mare Tranquillitatis and 
Ptolemaeus become household words, 
you won’t have any trouble locating 
them with one of General Electric’s 
moon maps. Nearly a yard square and 
printed in heavenly blue, the map is 
available from GE’s Missile and Space 
Vehicle Dept., Room 4C, 3198 Chest- 
nut St., Philadelphia 4, Penna. 

Well, you should have paid more 
attention to those Latin courses back 
in high school. 


Force Base and the 5,000-mile Atlantic 
range. 


MISCELLANY: sales are up but 


profits are slipping in the electronics in- 
dustry, according to top industry officials. 
They attribute it to price competition, 
marketing problems, research costs and 
foreign competition . . . American Bosch 
Arma Corp., Hempstead, N. Y., has re- 
ceived $53,350,000 in contracts for Atlas 
guidance systems. It will subcontract a 
major part of the ground support and 
production test equipment . . . American 
Machine and Foundry Co. has a $42.6 mil- 
lion award to build, install and test the 
first underground launching system for 
the Titan ICBM. It will be at Lowry 
AFB, Denver. 


Space Countdown: 
On Your Mark... 


Man may shoot out into space from 
a sort of sprinter’s crouch, Air Force 
studies indicate. The best body position 
seems to be head and trunk tilted 25 de- 
grees forward and legs sharply bent. 


Human volunteers in the Wright Air 
Development Center’s centrifuge in that 
position stood forward accelerations of 8, 
10 and 12 gs, simulating the three-stage 
kicks of a rocket. They endured 12 g for 
5 seconds, 10 g for 23 seconds and 8 g for 
one minute. 


In another g test, this one by the Navy, 
a volunteer withstood a record 31 gs for 
12 seconds. The test used a new technique 
—a cushion of water between the seated 
subject and the wall of the centrifuge 
capsule. A breathing device supplies air. 
The test was conducted at the Accelera- 
tion Laboratory, Johnsville, Pa. 


New Underwater Environment 


Grumman Aircraft claims a first at its 
Bethpage, N.Y., plant: A tank that can 
test hulls and underwater shapes at the 
once-fantastic speed of 100 knots. A 
hydraulic transmission precisely controls 
the speed of rotation of the tank which 
whirls the water past suspended shapes. 
The hydrodynamic facility's first use will 
be on the 80-ton, 80-knot hydrofoil test 
vehicle being designed for the Maritime 
Administration under a $250,000 contract. 


TEMPERATURE CABINET 
(OPTIONAL HUMIDITY) 
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You can DEPEND on -- 


TEST CABINETS 
FOR ACCURATE DEPENDABLE 


ENVIRONMENTAL TESTS 


Every Standard test cabinet is designed for reliable and 
accurate testing, along with years of care-free durable 
operation. Whatever the simulated condition is desired 
to test your product accurately . . . correctly, there is 
a Standard cabinet to do the job. All guaranteed to give 
high level performance — the result of a decade of en- 
ineering skill and experience in designing and fabricat- 
ng test equipment. fn 

standing features offered by Standard today . . . send for 
our illustrated Catalog No. 59. 


self-contained units to meet every condition 
WALK-IN EQUIPMENT FABRICATED TO ORDER 


‘CABINET COMPANY 


Standard 


Why not look into the many out- 


MEMBER OF 
ENVIRONMENTAL EQUIPMENT INSTITUTE 


50 WASHINGTON AVE. 


CARLSTADT, N. J. 
DESIGNERS-MANUFACTURERS 
OF TEST EQUIPMENT 


HIGH and LOW TEMPERATURES, AL- 
TITUDE, HUMIDITY, FUNGUS, SAND 
and DUST, SALT SPRAY, FAIN and 
SUNSHINE, EXPLOSION and SPECIAL 
APPLICATIONS. 


WALK-IN ALTITUDE- 
TEMPERATURE AND 
HUMIDITY CABINET 


VIBRATION TEST-LIQUID 
CO.-MECH. REFR. OPTIONAL 
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Path of the Environment: 


AS HIGH AS THE SKY —— 
and down to earth 


The head of the Environment's scientific fraternity 
recalls “an unused corner of a raw materials 
storage warehouse” and contrasts it with 

the truly space-age discipline of the turn of the 
decade. Environmental prediction for the Sixties: 


Progress on all fronts. 


by Harold C. Jones 
President 
Institute of Environmental Sciences 


em FIRST time that a caveman skinned out his kill and 

used it as a coat to protect himself from the chill night 
air, the field of Environmental Sciences was born. Hardly 
a scientist, the caveman merely did what seemed to him to 
be the natural thing to do. Thus it was with Environ- 
mental Sciences until approximately a decade ago, when 
it became time to reduce a rambling art, based mostly on 
superstition with little testing behind it, to a field of sci- 
ence where knowledge was carefully gained, uniformly 
analyzed and intelligently used. 


I remember my first experience with environmental test- 
ing about ten years ago. The environmental chamber was 
located in an unused corner of a raw materials storage 
warehouse of a large company—one which is now, inci- 
dentally, a leader in the environmental field. Our test 
called for an altitude of 25,000 feet, and to obtain such 
stratospheric heights required many hours of pumping, 
many tubes of a sealing compound, and a great deal of in- 
genuity. Contrast this with our present environmental 
chambers, capable of rapid rates of climb and tremendous 
altitudes, where 100,000 feet is commonplace and nobody 
turns a hair when 500,000 feet is mentioned. It is more ex- 
pensive, but not exotic anymore. 


Unreasonable Chore No More 


These brief examples tell volumes, however, of the trend 
in the field of Environmental Sciences. A decade ago, en- 


Jane’ 


ic at 


vironmental work was an annoying requirement called for} 
unreasonable government people. It was a chore that 
relegated to anyone who was not busy at the moment. Ted, 
equipment was primitive and test methods were sloppy. 


Over these last ten years, however, most of the engineer 
ing companies producing military equipment have rq 
ognized the need for engineers highly trained in the engje®v 
vironmental field and for high performance equipment 
and a great effort has been made to standardize and im 
prove test methods. As a result, many men with highe 
education, experience and knowledge have devoted thei 
time and effort exclusively to environmental work, and 
this point it can honestly be said that environmental wo 
has become a science. It is based no longer on supers 
tion and meager results, but on the analysis of many & 
periments by highly competent scientists. 


With this as background, what does the future hold 
Have we reached the point of saturation, or are we jus 
entering an era in which the Environmental Sciences wil 
grow with great rapidity? The answer I feel, is linked closel 
to our space exploration plans, which are no longer looked 
upon as the dreams of a few fanatics. 


Due to a great deal of publicity most of the publics 
now quite sure that we are going to colonize the moon, the 


Harold C. Jones has the dis 
tinction of being the first mag 
to preside over youthful ant 
growing Institute of Envirow 
mental Sciences, formed earlie 
this year by the merger of thé 
Institute of Environmental Er 
gineers and the Society of Eng 
vironmental Engineers. He step@t 
ped into the presidency after 6 
term as executive vice presiden 
of the old IEE, which he helpe 
to organize. A graduate % 
Illinois Institute of Technology, 
Jones is a veteran at enviror 
mental testing. Before shifting to the University of Mary 
where he teaches in the electrical engineering department, ¥@ 
was with Westinghouse. 
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Janets and so forth. In fact, the pub- 
ic at large is probably more confident 
of it than some of those who are laying 
he plans for doing so, since the public 
joes not know the tremendous prob- 
ems involved. 


One of the biggest of these problems 
‘ill be how to cope with environments 
hich will be found during flight to 
hese foreign bodies and after arriving 
here. The solution to these problems 
‘ill fall to those working in the field 
{ Environmental Sciences, and their 
ontribution to our space effort will be 
preat. 


But now that we have persons living 
appily on the moon, there is another 
aspect of Environmental Science to be 
ooked into, and that one is much 
loser to home. It involves plain, ord- 
inary civilian, consumer items on this 
ld, tired earth. 


Growth In Civilian Fields 


All of us have had our troubles with 
‘Ppuch standard designs as TV sets. In 
"Bthe case of TV sets, these troubles 
ften are traced directly to poor vent- 
lation, which causes excessive temper- 
atures in the cabinet. This is a problem 
environmental engineers working on 
ilitary equipment encountered and 
solved many years ago, and is indica- 
ive of the fact that Environmental 
Sciences must be recognized by con- 
sumer goods manufacturers. 


Some work in this field is presently 
being done in the automotive industry, 
nd I feel sure in the next decade the 
nfluence of the environmental engi- 
eer will be felt in practically all areas 
4 civilian equipment. One reason for 
his is the fact that, as military equip- 
nent manufacturers have found, the 
rvices of an environmental engineer 
ore than pays for itself in reduced 
ield maintenance, repairs under war- 
anty and an improved good will. 


Scientific Societies 


The story of the decade past would 
be incomplete without mention of the 
scientific organizations in the field of 
Sciences. The growth 
‘ithin the last five years of the 
Institute of Environmental Engineers 
and the Society of Environmental 
Engineers, and the recent merger of 
he two into the Institute of Environ- 
ental Sciences, with a membership 
hich will soon exceed 1,000 engineers, 
8 indicative of the fact that we have 
evolved from a purely routine testing 
eld into one which is, in the truest 
sense of the word, a scientific field of 
endeavor. 
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YOU HAVE A NEW COMPONENT, ASSEMBLY 
END ITEM THAT MUST MEET SOME 
REQUIREMENT IN ENVIRONMENT ? 


Laboratories, Inc., offers an 
environmental testing service, meeting both 
commercial and military specifications, to com- 
panies: (1) requiring independent certification of 
tests, (2) not in a position to justify the purchase of 
expensive environmental equipment, (3) whose 
own environmental facilities are in use 
on other projects. 


Our facilities, engineers, and technicians 
are available to conduct the entire tests ; 
or you may use our facilities and provide your own 
engineers or technicians to conduet the 
performance tests. 


For information telephone 
or write: 
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Path of the Environment: 


FUTURE UNLIMITED 


by Charles C. E. Harris 
President 
Environmental Equipment Institute 


t REPEAT a truism, the future of the Environment and 
of the industry that simulates it, is unlimited. Even 
after we have conquered space and enter the happy won- 
derland of Buck Rogers, we shall all turn to environmental 
testing to prove out the new materials and the new prod- 
ucts of the morrow. 


Just as World War II, for example, provided the impetus 
for the use of low temperatures in the steel industry, so 
have the aviation and space industries helped to boost the 
entire environmental field to new heights of usefulness in 
the past two years. The need for environmental testing is 
not likely to fade. It is here to stay. 


The Environment is growing at such a dizzy pace that 
new problems present themsclves as fast as old ones are 
solved. The environmental manufacturers are proud of 
the fact that they have been able to lick them—and those 
still unbeaten await only the investment of more time 
and effort. 


Novelties No More 


The experience of the refrigeration end of the industry 
is typical. Know-how accumulated in many ways over 
many years made it possible this year to maintain —200°F. 
by mechanical refrigeration. Although not a novelty today, 
this extreme was unheard of a couple of years ago. 

So, too, with altitude, vibration, gravity and the many 
other conditions we turn on and off at will. Of course, 
each success begets new problems because of our insatiable 
appetite for pushing back the frontiers. There have been 
quite a few demands recently for low humidities at low 
temperatures, and it won’t be long before reliable refrigera- 
tion systems will be replacing chemical dryers to provide 
dew points of —100°C. and much lower. 

So, too, with other combined environments. Consider 
the transfer of heat in a high altitude chamber. In a per- 
fect vacuum, the transfer can be accomplished only by 
radiation, which is just about the situation that obtains 
when you get above 50,000 feet. With convection ruled 
out, an ingenious use of conduction is called for, engineered 
to each individual application. 


Complicating the Task 


Putting anything that does any work into the chamber 
adds load, making the task that much more difficult. Any 
sort of load in a stratospheric chamber results in an al- 
most insurmountable obstacle. But notice that I said “al- 
most.” I am sure that with time and application, ways will 
be found to conquer this problem, too. 


10 


The environmental industry, born of war and 
nurtured by the space age, has matured 
rapidly, but even after man conquers 

space it will have a dominant role in testing 
new materials and new products of the morrow, 


My faith springs from the history of the environmen 
industry itself. It was only yesterday that the industry 
a hodge-podge of companies with a multitude of ideas 
very little discipline. In short, they reflected the states 
the art. Yet in hardly any time at all we have developed 
flourishing and effective scientific fraternity, a respectabl 
body of literature and a reliable and competent group@ | 
manufacturers from coast to coast. | 

It was only a half dozen years ago, on Sept. 23, 1953, tom 
exact, that a group of manufacturers met in New York anf Nor 
organized the Institute of Environmental Manufacturengif¢ 
Later on the name was changed to the Environmentijinte 


Equipment Institute. 
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Objectives Continue to Guide 


The objectives of the EEI, as stated in the charter, 
worth noting, because pursuit of these goals has brough 
about a number of industry successes. One such sucet 
was the formation of an engineering society, now an i 
dependent, professional organization. 

Other successes are on the commercial side. The 6 
jectives state, for example, that the EEI’s purpose is to: 

“Establish and maintain standards of construction ai 
performance for environmetal equipment (and) to ¢ 
tablish and maintain ethical practices in the manufactur 
sale and servicing of environmental equipment.” 

Pursuing the first of these, the Institute was success 
in obtaining recognition of the industry as an indust 
from the Federal Trade Commission. After due deliber 
tion and public hearings, the FTC promulgated ta 
practice rules for us in 1957. 


‘Seal of Approval’ Program 


Pursuing the second of these goals, we have our 0 
tinuing “seal of approval” program. This is a uniqu 
self-policing way of guaranteeing customer satisfaction. ! 
has helped greatly to bring the industry to its prest 
mature state. 

Now, walking confidently into the Sixties, the envire 
mental industry is widening its scope and seeking *( 
formal affiliations on the part of individual companh 
Through the strength of increased numbers, the indust 
will be able to serve in the Environment as never befort 


( 


Men like Charles C. E. Harris make it 
difficult to measure the environmental in- 
dustry in point of time. He’s been in it, 
jrom the refrigeration end, for a quarter 
of century, the same span in which he has 
been in business for himself. His present 
company, Harris Refrigeration Co., Cam- 
bridge, Mass., was formed in 1940. Anyone 
calling him there must be sure to specify 
“senior,” because “Junior” is following in 
elder Harris’ footsteps. Harris “senior” 
was elected president of the Environmental 
Equipment Institute last Spring. 
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| ELECTRIC COMPANY, INC. 


be a For diode aging and life test 
= For diode PIV test 

= For transistor avalanche test 
= For gyro torquer supply 

= For current sensitive devices 


BNorth Hills CURRENT GOVERNORS are widely used by manu- ence, and use of high quality components and workmanship 
facturers and users of current sensitive devices. Of particular throughout. 
interest is the programmable feature in all models, since the 


‘ Applications include forward and rev i iod 

current be electronically pulsed, modulated or pro- and testing 

Sastre inctuded are as follows: Constant current over clutches, solenoids, magnetic cores, batteries, fuses, meters, 


bolometers, thermistors, precision light filaments, transducers, 
pe potentiometers, relays and other current sensitive devices. 
electronically pulsed, modulated, and programmed, inline Our staff engineers are always available for consultation on 
readout, chopper amplifier, temperature compensated sam- pow he current control problems you may encounter. Why not call 
oli j oday? 


(all units Regulated Regulation Size 

1€ Output Absolute Stability Ripple Net Typical 
erate f ack 

Voltage Accuracy | Short Term (RMS) Wet Application 
=10%) 


10ua-500 ma. | 0—200 0.05% 1% - 0.1% 0.1% 19x10%x18 | 40+ | General 


0.5-30 amp dc | O—10 0.05% 2% 0.1% 0.1% 19x14 x22 | 60 | Rectifier Test 


0.1ua-10 ma dc} 0+100 0.01% 1.0% 0.05% 0.02% | 19x 8%x15 | 354 | Transistor Test 


tra¢ 0.1ua-10 ma O—2200 | 0.1% 1% 0.1% 0.15% | 19x 8%x15 | 35+ | PIV Test 

lua-100 ma dc | O—50 0.002% | 0.02% 0.001% | 0.02% 19x10%x18 | 40# | Gyro Test 

O.1lua-150ma 0+100 0.002% | 0.005% | 0.001% | 0.02% | 19x12%x18 | 454 | Gyro Test 
7 10ua-1 amp de | O—7 0.01% 0.1% 0.02% 0.05% 19x10%x18 | 35+ | Meter Calibration 


CS-1 1-10ampde |25—125 1% 2% F.S. | 1.0% 2% 19x 8%x15 | | Magnetic Field 
Supply 


SOLIDCEL**—North Hiils voltage reference standard is triple regulated ultra stable solid 
State temperature compensated oven controlled zener. Applications include replacement 
of standard cells, calibration, bias source, voltage reference, etc. **TM 


See North Hills Coil Products in the Radio Electronic MASTER (24th edition), pages 602, 603, 


NORTH HILLS 


ELECTRIC COMPANY, INC 
402 Als N Ploneer 7-055 
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Path of the Environment: 


Ever since he lighted the first fire, or diverted 
the first stream of water to cultivate his patch, 
man has been testing and evaluating his environ- 
ment in order to conquer it. Each bit of 
information becomes the cornerstone for the 
next advance, and tremendous progress has 
been made, but withal we seem to 


stand only at. . 


by E. C. Burkhart 


President 
Genisco, Incorporated 


— BY sTEP through thousands of years of trial and er- 
ror, success and failure, tragedy and comedy, contempla- 
tion and realization, man has proceeded to unlock the 
secrets and basic laws of Nature. Yet we seem only to have 
arrived at the threshold of knowledge and to be acquainted 
only with the large, obvious, discernible-to-the-eye sort of 
natural law, with effect rather than cause. More of Nature 
seems to be hidden in the tiny atom than in the sum total 
of natural laws discovered to date. 

Practical applications of known laws provide the tools 
of industry, civilization and further research. In its early 
stages, development was a process of simple trial and er- 
ror. Ships to withstand the rigors of the sea were evolved 
and extended around the designs of those which came 
back. Bridges and structures were developed in span and 
capacity from those designs which withstood weather, wind, 
corrosion and use. Applications of known laws of chemical 
and molecular structure permitted the assembly of materials 
not found in their highly purified state on our planet. 

The early days of the aeroplane opened up the wholly 
new science of aerodynamics which related directly to 
many old arts and sciences of building and structural de- 


E. C. Burkhart is a name that 
dates back in aviation to 1929. 
Over the years it has been as- 
sociated with such names as 
Fokker, Glenn L. Martin and 
North American Aviation. Be- 
fore becoming one of the found- 
ers of Genisco, Incorporated, of 
which he is now president and 
chairman, Burkhart was super- 
visor of the research laboratories 
of Douglas Aircraft Co. He is 
vice president and a director of 
the Strategic Industries Associa- 
tion and a member of the De- 
fense Department’s Small Bus- 
iness Advisory Committee. 


sign. Had the laws of aerodynamics been better understogt 
earlier in time, man would have avoided many tragedits 
down through the ages. 


Suddenly, the Space Age 

With the advent of the mechanical age, the pursuit@ 
science, art and technology assumed a new hurried, if mit 
precipitous, attitude. This point in time finds us suddenly 
and without adequate preparation, thrust into a totally 
new space environment which combines with all other & 
vironments experienced heretofore. 

Try as we may to synthesize this new environment in Of 
laboratories, something is missing. In effect we are back@® 
the cave, almost totally ignorant, playing with fire, omt 
more not quite certain what's going to go boom when ii 
spark is struck and one of Nature’s laws, as yet indiscernible, 
has been violated. But being very aware of Nature’s impatt 
ial and unforgiving attitude, we are straining to the utmost 


to anticipate and duplicate the conditions to be encouft 


ered, in order that risk be reduced to a minimum. 

For we have learned that the hazards can be reduce 
even if not totally eliminated, by logical and methodic 
laboratory testing. Many of the rugged environments © 
be encountered in space can be synthesized, sometime 
combined and in some cases almost duplicated. Meanwhile 
researchers are firing more and more missiles skyward 
These radio back more and more data on what's there, anf 
we find we need more elaborate and exotic testing equip 
ment to match the marvels of Nature in the laboratory. 


The Defiant Environment 

One environment which seems to defy all efforts at lab 
oratory duplication is zero G. This condition, a total lad 
of gravity, has not been produced on earth except for vey 
brief intervals; and unless someone discovers a way of It 
voking or voiding Newton’s law of gravitation it is no 
likely to be duplicated anywhere except in orbit or i 
trajectory, essentially in space. 

However, zero gravity is not regarded as an intolerabk 
environment to mankind and it is especially kind to mé 
chines, equipment and materials. Therefore, except for ou! 


(Continued on Page 14 
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For big walk-ins, small portables, or 


sizes in between, 


chesshati ia the latest of several Conrad chambers | Other features par rain simulation for testing 

installed at one of the nation’s largest missile in accordance with Mil. Spec. 5272 — push-button 
ent poet Temperature range, -—100° F. control for stopping door at ang oint 

to +350° F.; altitude, 0 to 100,000 ft.; humidity tion of an inch — push-b n 

automatically programmed from 20% to 95%, 


CALL OR WRITE FOR COMPLETE INFORMATION 
Main Office: Conrad Square, Holland, Mich. 


HUNTSVILLE FLA. ORLANDO OHIO: 


Donald R. Boyson W. Ben Wimberley Co. 
902 Tennessee Ave., S.E. GArden 5-3083 


JEfferson 2-2353 
GA.: ATLANTA TEXAS: 
CALIF.: PASADENA oe T. Schladenhauffen N. Wrig 
E. A. Wright J. J, Grim 5738 N. Central Expressway 
3848 E. Colorado Bivd. 3230 Peachtree Rd., N.E. TAylor 4-2571 
RYan 1-0181 CEdar 3-5519 
TEXAS: HOUSTON 
DENVER CHICAGO N. Gene Simpson 
Vernon Parrish William Nostrand 1803 Calumet St. 
1810 S. St. Paul 5329 W. Belmont Ave. JAckson 3-5651 
Skyline 6-6884 AVenue 3-6111 
SALT LAKE CITY 


KENT ST. LOUIS Vernon Parrish 
R. M. Alden Warren Hull 1810 S. St. Paul 
Box 278 828 Thornberry Denver, Co'o. 

WaAlker 7-3319 TAylor 2-2241 Skyline 6-6884 


$ CU. FT. Adjustabl ibration test cham- $ CLEARWATER N.Y.: NEW YORK CITY CANADA: TORONTO, ONT. 
ber. Refrigeration effect is accomplished with liquid COc. W. Ben Wimberley Co. Ralph M. Alden Donald E. Beechey 
High temperature limit, -+ 1000°F. Entire unit, including 532 S. Ft. Harrison Ave. ark Pl. 290 Lawrence Ave., W. 
control panel, full mobile. 3-7072 BArclay 7-7583 RUssell 7-3861 


FREE ATMOSPHERE AND TEMPERATURES CHART. Convenient pocket-size table 
of pressures from 0 to 1,800,000 ft. Write direct or ask your Conrad representative. 
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The Threshold of Knowledge 


(Continued from Page 12) 


having to learn its basic rules of behavior, action and re- 
action, subsistence, food and liquid handling and so forth, 
we seem to find it no formidable barrier. 

Not so the reverse, or high G force conditions. ‘These 
forces wreak havoc on man and machine and severely re- 
strict the parameters of operation, especially so when com- 
bined with vibration, heating, zero pressure (total vacuum) 
and other equally unfriendly surroundings. 


Role of the Centrifuge 


A very few years ago a centrifuge was to all intents and 
purposes either a chemical-medical laboratory tool for 
separating variable densities in fluids or a cream separator 
in a dairy doing essentially the same thing. With the ad- 
vent of jet propelled flight, the simultaneous development 
of the missile and the dawn of the era of space exploration, 
centrifugal testing for high G force simulation came into 
its own. 

Parameters have been pushed outward, inward and in all 
directions—both for testing and calibrating purposes. Com- 
ponents of all descriptions now must be subjected to those 
forces which will be encountered in actual use, and further, 
within the bounds of attainability, subjected to simul- 
taneous forces of vibration, stress, strain, shock and the ele- 
ments of heat extreme, cold and radiation. The little ol’ 
rotating beam whose revolutions were physically counted 
by sight and whose radius of gyration was measured with a 
yardstick has become a behemoth of weight and precision 
to delight the heart of any gadgeteer. 


Although there are still many applications for the smal 
crude and small precise centrifuge, the nature of the Spag 
Age is forcing the development and use of larger and largemg] 
machines. The largest in existence is lecated at the Navy 
Johnsville, Pa., installation for human tests. This maching 
with a 50-foot radius of gyration, takes individuals to thy 
tolerable limits of human endurance under certain cond 
tions of space travel, while the individual is aligned to ay 
and all attitudes which might be encountered in actu 
travel or re-entry. The purpose, of course, is to determing 
how to best fit the weak and limited human body to the 
environment of G force. 


Bigger and More Accurate 


Larger machines are contemplated—75-foot radius m 
chines have been discussed. In some instances it is desir 
able to subject full scale rocket motors of 1,000 Ib. thrust 
and above to predetermined G force with the engine open 
ting or to be ignited. The difficult but soluble problem 
here is to transmit large volumes of highly pressurized fue 
through rotary glands in side-by-side configuration. Tj 
combined even in small quantities, such fuels produgj 
some alarming reactions. Similarly, large volumes of hag 
gases must be rapidly bled off the enclosure while retainiigy 
reasonable temperatures and aerodynamic stability in the 
testing pit. 

As engines and payloads go up in size and complexity 
so too must the means of evaluating components and pack 
ages. It is not unreasonable to expect that the very nea 
future will bring requests for centrifuges capable of swing | 
ing 25-30 thousand lbs. to acceleration forces of 20-25 6 
or a total force of 1,500,000 G Ibs. 

(Continued on Page %) 


back of target to deaden flutter of target itself. 


Spot of light is focused on top edge of target. 
Wing is driven with horizontal push rod from 
Calidyne ‘exciter. Vibration measured is perpen- 
dicular to wing surface. Instrument may be scan- 
ned from point to point without stopping exciter. 


Measurements accurate to .001” may be made 
at a working distance of 56” from lens. Five 
other interchangeable lenses cover displacement 
ranges of .050”, .100”, .500”, 1.0”, & 2.0” full 
scale. Best resolution 12 micro inches. Frequency 
response static to 7 Kc. Output 16 volts full 
scale, 250 ohms. 


OPTRON 


CORPORATION 
335 So. Salinas ° Santa Barbara, Calif. 


WING VIBRATION 


New daylight 701 measures amplitude of displacement 
of selected points on a missile wing. Small right angle 
targets of .020” aluminum foil Ye” x Ye" are glued at each 
intersection of grid lines. Hard industrial wax gunked at 


FRONT END T 
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PUSH ROD FROM 
CALIDYNE EXCITER 
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TEMPERATURE ALTITUDE 
HUMIDITY CHAMBER 


* Temperature Range —120°F to +500°F 
* Altitude Range Sea level to 200,000 feet 


*Humidity Range 20% to 95% between +35°F and 
+ 200°F, limited by a low dewpoint 


of + 35°F. 
STANDARD WORK 
SPACE SIZES AVAILABLE OPTIONAL ACCESSORIES AND 
INSTRUMENTATION AVAILABLE 
15° W x 21° Hx 12° D Viewing Window © Access Port 
* 24” W x 30” H x 20” D © Interior Light © Casters P also available 
35" W x 36"H x 38"D anual Wiper © Indicating Controllers LOW TEMPERATURE 
Electric Feed-Thru © Recording Controllers 
Terminals HUMIDITY 
® Program Controllers _ SALT SPRAY 
SAND and DUST 
VACUUM OVENS 
WALK-IN ROOMS 
18 BEECHWOOD AVENUE PORT WASHINGTON Li NY ; FUNGUS 
15 
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Whether you think of CO, and 
other expendable refrigerant cooling 

systems as “new” or “old,” this type 

of environmental testing is becoming in- 
creasingly important. The following EQ special 
report—a first report on the subject rather than 
a definitive word—is based on the experience 
and thinking of leaders in the field from coast 
to coast. 


The PLUS and MINUS of CO, 


H™ NEW—OR OLD—IS ENVIRONMENTAL TESTING WITH CO,? 

To many environmental engineers it is old hat. 
“The environmental test labs on the West Coast have 
used it for many years,” according to Stuart Giles, chief 
engineer of Bemco, Inc. “We have chambers in operation 
for as long as eight years using direct expansion liquid 
CO, or dry ice. We find it is very practical.” 

J. C. Stuart, of Boeing-Seattle’s equipment laboratory, 
reports: 

“Dry ice has been used for many years by Boeing in 
conjunction with environmental testing. In general its use 
has been confined to relatively small and short range tests 
where flexibility and smaller installation costs outweight 
the cost of operation. Currently liquid CO, is being used 
to reduce compressed air temperature to a desired test 
inlet condition.” 

Some users have more recently discovered the merits— 
and demerits—of CO,, and some are still experimenting 
with it. 

Associated Testing Laboratories, Inc., a younger East 
coast firm which, like Bemco and many others, is in both 
mechanical and CO, refrigeration, began fabricating car- 
bon dioxide test units three years ago. “Our testing divis- 
sion,” says Bernard Novack, ATL vice president, “uses 
about 35 liquid CO, test chambers, making us possibly 
the largest user of liquid CO, within the environmental 
testing field.” 

A. F. Maxfield, sales manager of United States Testing 
Company, Inc., says his firm does not now have any 


Six-Ton Liquid Carbon Dioxide Receiver 


facilities utilizing CO, but expects to have them in the 
near future. 

“We are definitely interested in the potential offered 
by this relatively inexpensive means of reducing ambient 
temperatures around a test item in a short time,” Mr 
Maxfield says. “We have conducted a limited series o 
tests and feel certain that in certain applications tha 
liquid CO, is an ideal method.” 

These are typical of the replies received by Environ 
mental Quarterly in a broad survey of manufacturers ané 
users of CO, equipment. In the same breath many of 
them spoke of other, similar refrigerants, liquid nitrogren 
being mentioned most often. “It would seem,” wrote Dal 
J. Missimer, vice president of Missimers Incorporated 
“that your article should be called ‘Expendable Refrigeram 
Cooling Systems and Their Application.’ ” 

Despite favorable reports and widespread experienc 
so many have yet to try CO, testing as to justify its being 
described as a new technique. “After the IEE exposition 
in Chicago (last April), we came to the conclusion tha 
many persons are still not familiar with the basic oper 
tion of carbon dioxide in low temperature testing,” say 
John P. Antolak, director of carbon dioxide technical sale 
for Liquid Carbonic Division, General Dynamics Corp. 

Generalizations on a complex subject necessarily run 
the risk of being deflated. Were it necessary, however, 
to generalize the advantages of CO, in environmentd 
testing, three words might do it: Versatility, speed and 
economy. But each must be considered within the frame 
work of the technique’s limitations. 


ARVJAARITA ELC 


Adaptable to Special Need 


“We are continuously confronted with test objects in 
such a variety of sizes and shapes that it is not always 
practical to construct facilities that will accommodatt 
every one,” U. S. Testing’s Maxfield says. “With liquid 
CO, as the refrigerant, temporary structures are easil] 
fabricated. For short term exposures, very light structure 
can be used, with considerable saving in cost and prepafé 
tion time.” 

Monroe Seligman, president of Tenney Engineering 
Inc., one of the oldest and largest firms in the envirot 
mental chamber business, sums it up this way: 

“Liquid CO, provides for very rapid temperatutt 
changes which would be prohibitive in cost when a 
tempted by mechanical means. Some clients have cot 
sidered the use of CO, for rapid pull down application 
only and then have available a mechanical refrigeration 
system to take care of the cooling after pull down ha 
been accomplished.” 

Costs ‘enter into two other off-the-beaten-path facton 

(Continued on Page 18) 
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Dry Ice 
(Expendable) 


Liquid CO, 
(300 PSIG -0° F.) 
(Expendable) 


Expendable vs. Mechanical—A Comparison 


By DALE J. MISSIMER, Vice President, MISSIMERS INCORPORATED 


Liquid 
Nitrogen 
(Expendable) 


Mechanical 
Refrigeration 


ADVANTAGES 


LOWEST cost expendable 
coolant 


EASILY used for achiev- 
ing —90° F. quickly 


DIRECT application gives 
inert atmosphere 


LOW capital investment 


LOW service and main- 
tenance costs 


LITTLE power and no 
water or other utilities 


FAIRLY easy to control 
if used with secondary 
refrigerant 


WIDE temperature ranges 
are possible—not limited 
to upper temperature of 
400° to 500° F. as with 
mechanical refrigerant 


LOW capital cost 


EASILY controlled for 
temperature and _ for 
capacity 


NO storage losses 


LITTLE power required 
for operation, no water 
or other utilities 


LOW handling costs 


DIRECT injection gives in- 
ert atmosphere 


LOW maintenance and 
service costs 


EASY to achieve —90° F. 


NO limitations of upper 
temperatures for cham- 
ber 


QUICKLY takes up large 
cooling load increases 


EASILY used for direct or 
indirect cooling system, 
with N, or air atmo- 
sphere 

EASILY used at one at- 
mospheric pressure for 
liquid-vapor phase refri- 
geration—no solid phase 
problems 

CHAMBER free of frost 
and snow inside when 
direct injection used 

EASILY produces temper- 
atures to’ —300° F. 

TEMPERATURE and 
capacity from room am- 
bient to —300° F. easily 
controlled. 

ATMOSPHERE can be in- 
ert if desired 

NO limitation for upper 
temperature of chamber 

LOW capital cost 


LOW power requirements 
LOW maintenance costs 
MODEST handling costs 
CAN easily take up large 

load increases 
NON-TOXIC 


LOW operating costs 

LOW handling costs 

EASILY controlled for 
both temperature and 
capacity 

ONLY electrical power re- 
quired for air cooled 
systems 

NOT dependent upon sup- 
ply of materials which 
are not always conven- 
ient to obtain. 

NO storage losses 

CAN produce lower tem- 
peratures than co, 

NO ventilation required 
for expended vapors 

ATMOSPHERE is air 

EASILY used for altitude 
test chambers without 
necessity of secondary 
refrigerant 

SUITABLE for humidity 
control systems 

USUALLY most econom- 
ical down to —40° F. de- 
pending on usage 

GOOD heat transfer char- 
actristics 

NOT hazardous to operat- 
ing personnel 


DISADVANTAGES 


RELATIVELY high hand- 
ling costs 

MORE difficult to control 
temperature than liquid 
expendable refrigerants, 
for direct application. 

DIRECT application re- 
sults in snow in cham- 
ber, and atmosphere is 
not air 

MUST have ventilation or 
provide for exhausting 
co, vapors 

HIGHER losses in_ stor- 
age 

DIFFICULT to_ control 
capacity automatically 
with changes in loads, 
even with indirect sys- 
tem 

LOWEST practical tem- 
perature is —90° to 
—100° F. 

RELATIVELY poor heat 
transfer characteristics 

NOT very economical 
down to —30° or —40° F. 

SLIGHTLY toxic 

CAPITAL investment 

higher if used with 

secondary refrigerant 


RELATIVELY high oper- 
ating costs 

FOR direct injection, snow 
may be objectionable 

ATMOSPHERE not air 

VENTILATION required 
for larger flow rates 

EXPANSION devices sub- 
ject to plugging 

FOR direct injection, sub- 
limation takes place at 
only one low tempera- 
ture (approx. 109.4° F.), 
making control at mod- 
erate temperatures more 
difficult 

REQUIRES storage re- 
ceiver space 

NOT particularly econom- 
ical down to —30° or 
—40° F. 

LOWEST practical tem- 
perature is —90° to 

—100° F. 

TRIPLE point of —69.9° 
F. presents major prob- 
lem because can’t be 
used as liquid vapor 
phase refrigerant at 
near atmospheric pres- 
sure 

SLIGHTY TOXIC 


STORAGE and/or avail- 
ability can present prob- 
lems 


RELATIVELY high oper- 
ating cost unless there 
is large monthly usage 


SOMEWHAT hazardous if 
spilled on human beings 


SOME ventilation may be 
required when large 
amounts are used 


GENERALLY not econom- 
ical for cooling at tem- 
peratures above —100° 
F. 


HEAT transfer at high 
temperature different- 
ials is poor 


CONTROL methods or de- 
vices slightly more com- 
plex and expensive than 
for liquid co, 


STORAGE costs generally 
higher than for liquid 
CO, or dry ice 


HIGHER capital costs 


MORE floor space re- 
quired 

HIGHER maintenance 
costs 

MORE skilled personnel 
required for service 

SLOWER cooling rates 
generally 

WATER generally re- 
quired for larger sys- 
tems 

PRACTICAL upper tem- 
perature limit of 400° to 
500° F. for chamber 
without special tempera- 
ture isolation provisions 

INERTING requires sepa- 
rate source of vapor 

MORE electrical power 
required 

NOT economical for in- 
frequent low tempera- 
ture tests of short dura- 
tion 

DEFROSTING of heat ex- 
changer surface can be 
a problem 
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The Plus and Minus of CO, 


(Continued from Page 16) 
cited by Mr. Seligman for selecting CO,. Use of CO, 
rather than mechanical refrigeration puts a minimum 
drain on short power supplies in remote locations, he 
points out, and some organizations find it easier to get 
operating funds rather than allotments for capital ex- 
penditures. For example, a chamber was quoted recently 
to a major aircraft manufacturer at a cost in the neighbor- 
hood of $100,000—as contrasted with $500 per use day 
of liquid CO, costs. 

“The use of liquid CO, permits the customer to buy 
virtually a bare chamber at very nominal cost with rea- 
sonably high operating costs occasioned by CO, consump- 
tion,” Mr. Seligman says. 


For Testing at Infrequent Intervals 


Thus a CO, chamber would seem to be indicated when 
testing needs are limited. Discussing an eight-cubic-foot 
unit his company designed for use with both horizontal 
and vertical vibration exciters, Rolland S. Jamison, sales 
manager of Harris Refrigeration Co., observed that the 
cost of the liquid CO, is very high when the chamber is 
used for tests of long durations. 

“We must agree, however, that there are cases where 
the use of CO, seems to be justified when compared with 
mechanical refrigeration for testing at infrequent inter- 
vals,” Mr. Jamison said. 

A similar view is offered by Mrs. L. M. Doherty, of 
Cincinnati Sub-Zero Products. “For continuing operation 
as compared to intermittent use, mechanical refrigeration 
would, over a period of time, prove the most economical,” 
she says. 

Mrs. Doherty notes a CO, disadvantage in “the need 


Liquid nitrogen | 
chamber, —300° to | 
+700° F., by Bemco, 
Inc., is used for re- . 
entry studies. 


for having a quick, or nearby supply of the refrigerant.” 

Chambers utilizing CO,—or other gases—are as broad 
and as long as any other cold box. A major feature is 
the elimination of machinery that accompanies conven 
tional chambers. “No moving parts except for one valve” 
is the way Associated Testing speaks of its designs. 

CO, units can have high temperature and other condi 
tions, too, and can be closely controlled with appropriate 
programming instruments. Special chambers are not up 
common. Cincinnati Sub-Zero Products, for example, has 
designed one for high-low temperature testing of wire 
and cable used in electronic components. The CO, 
counterpart of a mechanically refrigerated wire test cab 
inet “for users who may have intermittent use of such 
equipment or who have ready access to CO,,” the cham 
ber is 12 x 72 x 14 inches deep and has a range of —100° 
to +200° F. 


Liquid Nitrogen and Helium 


Liquid nitrogen and liquid helium have their boosters, 
too. 

“Liquid nitrogen in particular has come into its own 
recently as its cost per BTU is approximately equal to 


CO. CHAMBERS 


le Temp & Altitude 
Ranges at Low Cost 


-100° > 600° F 
TEMP CHAMBER 


HEAT SYSTEMS Co. 
777 Northern Bivd., Great Neck, L. 1, N. Y. 
HU 2-2575 
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Ideal for Environmental Testing... 


Offers You These Advantages... 


IMMEDIATE RESPONSE 


Direct discharge of liquid carbon dioxide pro- 
vides instantaneous cooling in. test chambers. 
You need only minutes, instead of hours, to 
get a rapid pull-down to —100°F. 


POSITIVE CONTROL 


Careful design of your Cardox CO, System per- 
mits reliable maintenance of low temperatures. 
Accuracies of +42 of 1°F. are possible. 


NO CAPITAL INVESTMENT 


Cardox will supply and maintain your storage 
unit on a “user contract” basis, and you pay for 
only the CO, you actually use. 


NO WASTED CO, VAPOR 


An exclusive Cardox Re-Cycling System can 
assure you of a consistant supply of liquid car- 
bon dioxide. It eliminates vapor problems which 
can interfere with temperature control accuracy, 
reduce refrigeration effect and cause a waste 
of carbon dioxide. 


CARDOX 


DIVISION OF CHEMETRON CORPORATION aa] 
Dept. 1024 « 840 N. Michigan Ave., Chicago 11, Illinois 


A COMPLETE CO, SUPPLY 


A Cardox CO, storage unit can be installed any- 
where, inside or outside, in whatever size you 
require ...in pounds or tons of carbon dioxide. 
And CO, can be furnished wherever you need it 
... Cardox offers a bulk storage unit to supply 
many or large test chambers, or completely 
portable tanks for mobile applications. 


USE ONE CHAMBER FOR HOT AND COLD TESTING 


From +1000°F. to —100°F. is possible in 
the same test chamber. When you use Cardox 
carbon dioxide for cold testing there is no prob- 
lem with high temperature ...no coils to burn 
out...no refrigeration fluid to evaporate or 
overheat. 


COLD TEST ENGINEERING ASSISTANCE 
AND SERVICE 


Cardox offers you a complete engineering service 
in planning the most efficient use of carbon 
dioxide for cold tests. Detailed experience with 
the test engineer’s problems means Cardox can 
offer you valuable assistance. 
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A Liquid Carbonic CO, installation at Stewart Warner, 
Indianapolis, for low temperature testing of jet fuel. 


CO, and it provides temperatures down as low as —320° 
F.,” says Bemco’s Stuart Giles, adding: 

“Nitrogen has other advantages in that it is easier in 
some ways to handle. CO, has a tendency to turn to dry 
ice when it is sprayed into a chamber in large quantities.” 

Some of the disadvantages of CO,, such as the effect 
of the vapor when it may combine with moisture to form 
a mild carbonic acid have been overcome, of course, by 
not immersing the test specimen in the refrigerant. In- 
stead, secondary systems are used in which the expendable 
refrigerant chills a brine solution which, in turn, chills 
the chamber. Advantages of this approach include close 
temperature control by use of a modulating control system, 
use in altitude as well as “sea level” chambers and the 
fact that a central souce can supply brine to several 
chambers. 

A final consideration in deciding on CO, is availability. 
The compressed gas manufacturers insist, of course that 
this is no problem. With nationwide distribution net- 


It was ready for operation about one month after & 
ceipt of contract. 


works and a variety of storage tanks, this would segm 
to be so, and tanks may be supplied free of charge. 


CO: LIQUID—THE IDEAL 
EXPENDABLE REFRIGERANT 


by D. B. Clapp, Jr. 
Regional Sales Manager 
Pure Carbonic Company, Los Angeles 


The technique of discharging carbon dioxide liqui 
through an expansion orifice has been developed and ® 
fined as low temperature refrigeration requirements ha 
become more complex. 

When CO, liquid is discharged through a nozzle to # 
mospheric pressure it flashes instantly into a mixture @ 
finely divided particles of CO, snow and cold CO, vapor 
in temperature ranges down to —109°F. The CO, liquit 
can be expanded directly into the environmental chambe 
or into a sublimation tank containing a secondary system 


Production chilling of stabilizing shafts 
utilizes this Cincinnati Sub-Zero unit, 
with temperature range of —70° to 
—150°. Chills 150 Ibs. of steel 
hourly . . . 4000 BTU/hr at —120°F. 


Write today for full-line catalog. Or 
describe your requirements so our En- 
gineering Department can make recom- 
mendations. 


Member: Environmental Equipment Institute 


SUB-ZERO PRODUCTS 


Paddock at Reading Rd. 


CHOOSE THE PIONEER 


CINCINNATI SUB-ZERO 
PRODUCTION and CHILLING 
EQUIPMENT 


For 20 years we have been building low 
temperature testing and storage units. As 
the most experienced manufacturer in the 
field today, we take pride in our record for 
100% reliability . . . and for building a little 
more into every unit produced. 


CINCINNATI 


General Office & Plant 
Cincinnati 29, Ohio 
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LOW COST CENTRIFUGE 


for large-quantity acceleration test programs 


Genisco Model A908 features simplified operating 
procedures; rugged construction... for fast, 
accurate testing to MIL-E-5272A, Procedure II 


Although the A903 is a simple, low cost centrifuge, it has 
many features found in more sophisticated machines, plus 
unique features which particularly suit it for production-line 
testing and evaluation programs. 


SIMPLE OPERATION — Except for an on-off switch, controls are 
limited to a single handwheel which controls table speed. 
Chance of human error is reduced to a minimum. Test per- 
sonnel can learn its operation in minutes. 


SPEEDS TESTING— 24” diameter mounting-table will accommo- 
date several test objects. Arranged symmetrically, they can 
be subjected to acceleration forces simultaneously. 
RUGGEDLY-BUILT —Virtually immune to operational abuse. Will 
operate for long periods without maintenance as demanded 
for production test programs. 


0.5% ACCURACY—Constancy of rotation of the mounting-table 
is within 0.5%, including wow and drift. Table rotation speed 
can be measured electronically within +1 count. 


BRIEF SPECIFICATIONS 
G-Range: 1 to 1,000 g’s in five standard ranges, 
infinitely variable 
G-Pound Capacity: 2,500 g pounds, maximum 
Constancy of Rotation: 
Wow: 0.5%, maximum 
Drift: 0.2% of rate per minute, maximum 
Speed Indication Accuracy: 
Tachometer: +14%4% 


Magnetic Pickoffs: 60 tooth pickoff gear stand- 
ard; 600 tooth gear optional. Pulses are fed 
to a front panel coaxial receptacle.for use 
with any standard electronic counter. 


Vibration Isolation: 0.1 g in any plane, at any speed 


Test Object Dimensions: 8” high (24” diameter cir- 
cular platform) 


Slip Rings: 8 standard, 10 amp. maximum 


Write for complete technical information 
and prices. 


INCORPORATED 


2233 FEDERAL AVENUE + LOS ANGELES 64 « CALIFORNIA 
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ENVIRONMENTAL TESTING 


AT THE 


“CROSS-ROADS OF THE NATION” 


An independent testing laboratory with 


complete facilities for testing your products 
to requirements of Government and Indus- 
trial Specifications. 


e Vibration 
e Acceleration 


Temp. Altitude 
e High Temperature e 
e Low Temperature 
Temperature Shock 


Humidity 

Salt Spray 

Sand & Dust 
Mechanical Shock 
Fungus Resistance 
Radio Interference 


LAMBERT ENGINEERING COM?ANY 
Research & Testing Laboratory 
1100 Macklind Ave. 


St. Louis 10, Mo. 
Phone: Mlssion 7-3488 


E Pending 


NO-Load Starting 


BLUE M 


Constant - Flow 


PORTABLE 
COOLING COIL 


Patents 


CONTROLS WITHIN 
+0.15° C. NEW and 
PROVEN principle 
(CONSTANT - FLOW) 


. permits rapid cycling, close 


temperature control, longer 
compressor and control life. 
Use of expansion valve 
dryer-strainer system assures _ 
reliability and quality. Ideal 
for containers providing 
cooled water or other liquid 


opporatus, etc. 


_ media, tor avxiliary 


\ 


BULLETIN CP-31 AVAILABLE UPON REQUEST 


BLUE M 


TEMPERATURE 
RANGES 


2 


(A) Ambient to-+-1. 
(B) —23° C. te +5°C. 


Stainless Stee! Cabinet 
Compact & 


MANUFACTURERS AND DESIGNERS 
COMPLETE TEMPERATURE CONTROL EQUIPMENT 


~ 


A 


Missimers —_Incorpor- 
ated’s 80 cf, dry ice- 
cooled temperature 


chamber reaches 
from —90° to 
+600° F. 


heat transfer fluid which is, in turn, circulated through heat 
exchangers inside the facility. 

In either case extremely rapid pull down from ambien 
is achieved by the positive action of this expansion. The 
application becomes fully automatic when a solenoid valve 
activated by a thermostat, controls the procedure. The rat 
of refrigeration is determined by the size of the nozzle o 
orifice. 

The solenoid valve and nozzle size are important factor 
in the technique. Valve action must be rapid and positive 
to insure close temperature control. A pneumatic type és 
usually recommended for medium to heavy flows. 

The orifice size must be properly engineered to insur 
maximum efficiency. If the nozzle is too small the rate o 
cooling will be slow and inadequate; if it is too large & 
cessive snow will accumulate in the chamber. A manifold 
of jets may be employed to handle “pull down” and pea 
loads on larger chambers, and, in some cases, a dual ss 
tem is installed with part of the jets cutting out after peak 
loads have been absorbed. The remaining nozzles handle 
normal heat loss. 


Costly Hours Saved 
Acting as a supplement, CO, not only fulfills many & 
vironmental requirements where thermal shock is indicated, 
but also saves many costly hours in normal hot-cold cyde 
tests. Practically 100 per cent operation is assured. Dow 
time for mechanical failure is at a minimum and break 
downs are eliminated. Mechanical units, relieved of burden 
some pull down loads, operate with greater efficiency. 

“Dry ice” chambers have been converted to or supple 
mented by carbon dioxide liquid—generally in a large tes 
facility in which a sublimation tank is utilized. As the sole 
refrigerant, the liquid, of course, eliminates handling of dy 
ice and charging and re-charging of chambers. This is @ 
pecially useful and saves personnel costs when a test & 
scheduled overnight and over weekends. 

In addition, dry ice sublimation losses during storage af 
eliminated. CO, liquid is used on a demand basis, and onl 
the exact amount of refrigeration required is expended. # 
is stored indefinitely in a refrigerated receiver without 1o® 

In a secondary system, CO, liquid permits smaller sublt 
mation tanks and less transfer fluid is required. In some 
applications CO, is injected directly into the line carryiiif 
the secondary refrigerant. Great efficiency is achieved simt 
the line itself becomes the sublimation tank, and injectiot 
of CO, in the direction of flow enhances circulation. 

A relatively small vapor release and surge tank may 
substituted just ahead of the circulating pump in this at 
cumstance. 

Flexibility is another advantage of CO, liquid. Distt 
bution to any point in a test laboratory is achieved by a® 
circulating supply system or use of portable 1000-lb storage 
(Continued on Page # 
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TESTING 
DIVISION 
Stressing the 
approach in Environmental, 
Qualification and | 
Reliability Testing 


The skill and know-how gained 
from the coordination of Associated’s 
two divisions through “feedback” of 
information assures the proper utili- 
zation of test equipment within the 


TESTING 


DIVISION 


Temperature-Aititude-Humidity 

-300°F to +500°F, 200,000 ft., 

5% to 100% RH, in one of more 

than 30 chambers available for 
your testing. 


Explosion-proof testing in 

accordance with specifications 

MIL-E-005272B, MIL-E-5272C, 
MIL-E- 5422D, etc. 


1 CLINTON ROAD 


October 


Sawtooth shock test being per- 
formed on a Shock Test Machine 
developed by Associated. 


Reliability testing being per- 
formed using automatic check 
out panels. 


MANUFACTURING 
_ DIVISION 


Testing Division and the proper 
design of environmental test equip- 
ment within the Manufacturing 


Division. 


Write for illustrated literature! 


MANUFACTURING 
a DIVISION 


All Lucite Salt Spray Chamber 

built to perform tests in accord- 

ance with specifications MIL-E- 

5272A, QQ-M-151A, MIL-STD- 
202A, etc. 


Auxiliary Vibration Table (Slip- 

pery Table) a complete line, ad- 

justable in height, for use with 
any vibration machine. 


Temperature-Altiude Test Cham- 

ber for environmental testing 

within the range of —300°F to 

+1200°F and from sea level up 
to 350,000 feet. 


High temperature —low temper- 

ature chambers available in 

single or dual units for testing 
range of —300°F to +1200°F. 


jJEnvironmental Feedback 
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Mass., now in its 25th year, 
describes a new series of temp-hum 
chambers from a 2 cf portable toa 
10 cf production test model in a two- 
volor catalog folder. (Circle Ew 
RSC #38) 


Consolidated Vacuum Corp., Roches- 


ter, N. Y., pictures and _ gives 
full data on its complete line of 
high vacuum valves, baffles and 
traps in a 28-page, two-color bro- 
chure, punched for ring binding. 
(Circle EQ RSC #39). Another 
colorful pamphlet describes CVC’s 
HY-6500 shock tester for repetitive 
producer-line testing of small com- 
ponents. (Circle EQ RSC #40) 


* 


American Research Corp., Farmington, 


Conn., has a new 12-page catalog of 
its environmental test equipment 


from walk-in rooms with three-ton 


doors down to 18” diameter bell jars. 
(Circle EQ RSC #41) 


Itemlab Inc., Port Washington, N. Y., 
has a three-page gold and white 
folder describing its research, de- 
sign and development program as 
well as its complete product testing 
facilities. (Circle EQ RSC #42) 


Our inertial guidance systems utilize two-degrees-of-freedom 
gyros. If you would like to do advanced work with these and 
have had at least a year of engineering experience, please 
write Mr. C, T. Petrie, Manager, Research & Engineering Staff. 


Beverly Hills, California 


FREEDOM 


LITTON INDUSTRIES Electronic Equipments Division 


LITERATURE FOR ENVIRONMENT... 


Harris Refrigeration Co., Cambridge, 


Missimers, Inc., Glendale, Calif., offers 
a bulletin on its one-cubic foot 
bench-type temperature test cham- 
ber, Model FT1, which has a range of 
—100° to +350°F. (Circle EQ RSC 
#43) 


United States Testing Co., Hoboken, 
N.J., tells what its materials evalua- 
tion division can do in six-page Bul- 
letin 5902. The division’s four major 
laboratories are: Metallurgical, met- 
als chemistry, plastics evaluation, 
and physical testing. (Circle EQ 
RSC #44) 

* * 

Rempe Company, Chicago, has pub- 
lished a new edition of its Engineer- 
ing Data Book. Heat transfer coef- 
ficients for all heating and cooling 
problems involving pipe or fin coils 
are tabulated in the 48-page volume, 
originally produced in 1947. Depres- 
sant factors for coils in simulated 
high altitude conditions are a new 
feature. (Circle EQ RSC #45) 

” 


Tele-Dynamics, Inc., Philadelphia, de- 
scribes its environmental test facili- 
ties—vibration, temp., hum., alt., 
acoustic noise, shock, radio inter- 
ference and others—in Bulletin 859. 
Primarily for TDI use, the lab is al- 
so available to others. (Circle EQ 
RSC #46) 


General Vacuum Corp., East Bosto 


General Electric Co’s., Missile 


Leeds & Northrup Co., Philadelphia 


Fischer & Porter Co., Hatboro, Pa., i: 


Traid Corp., Encino, Calif., has follov- 


LaPine Co., Chicago, has a laboratory 


Dow Corning Corp., describes its new 


Office Of Technical Services, U. 5 


Mass., gives a quick summary of ij 

high vacuum retort furnaces, alti 

tude chambers, vacuum pumps, le 

detectors and valves in a series , 

illustrated, ring-punched leaflet 

(Circle EQ RSC #47) 


Space Vehicle Department, 
delphia, has put out a 24page, pr 
fusely illustrated two-color bookle 
describing its advanced facilities fy 
structural testing of missile and air 
craft components. (Circle EQ R& 


#48) 


has released a newly-revised 52-page 
Catalog EN-S2 on its line of therm: 
couples and thermocouple compor 
ents and accessories. It offers ree 
ommendations as to their best uses 
(Circle EQ RSC #49) 

* * 


distributing spec sheets on its 120) 
series 4inch strip chart miniatur 
recorders and 1212 series miniatur 
recording control stations for pro 
ess variables. (Circle EQ RSC #50) 


* 


ed up its “Camera Selector” with: 
companion “Lens Selector,” describ 
ing over 57 different lenses avail 
able to motion picture and sequence 
data camera users. (Circle EQ R&S 
#51) Traid also has a bulletin m 
its new high speed 70mm camenm 
which makes 2% x 24” pictures 
360 frames per second. (Circle EQ 
RSC #52) 


apparatus review and a special pur 
pose cabinet catalog showing vact 
um ovens and advanced style hv 
midity cabinets. (Circle EQ RSC 
#53). LaPine is also offering a se 
ond edition of its catalog on labora 
tory freeze-drying, high vacuum ani 
related equipment. (Circle EQ RSC 
#54) 2° 


Silicone dielectric potting gel in 4 
four-page illustrated brochure. The 
gel provides a transparent, dime 
sionally-stable cushion protecting 
assemblies from vibration, shock, 
moisture, dirt and dust from —6l’ 
up to 200°C. (Circle EQ RSC #55) 


* * * 


Department of Commerce, Washing 
ton, 25, D. C., has placed on sale at 
$3.50 a 205-page publication, PB15! 
649, “A Modern Dynamic Approacl 
to Product Development” by Sidney 
Sobelman, chief of the Special 
Analysis Branch of the Army’ 
Picatinny Arsenal. 


— 
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Government 
Publications 


Almost daily the U. S. Department of 
Commerce releases a number of technical 
reports for use by industry. These docu- 
ments are sold through the department's 
Office of Technical Services, Washington 
25, D. C. Here are some recent releases 
and their prices: 


(ARDC—Air Research and Development Com- 
mand) 


(RADC—Rome Air Development Center) 
(WADC—Wright Air Development Center) 


“Acoustic Emission under Applied 
Stress,” by B. H. Schofield, R. A. Barciss 
and A. A. Kyrala, of Lessells and As- 
sociates, Inc., for WADC. The research 
is reported to have verified the existence 
of the “acoustic emission” phenomenon 
and to have shown a possible connection 
between emission and dislocation action. 
39 pages. Order No. PB 151215, $1.25. 


“Ultra High Temperature Miniaturized 
Power Transformers and Inductor Ma- 
terials, Vol. 1 and 2,” by H. B. Harms 
and J. C. Fraser, General Electric Co., for 
WADC. The report identifies electronic 
transformer materials which appear best 
suited for use at 500C and under intense 
nuclear radiation. 476 pages. Order No. 
PB 151141, $6. 


“Test and Evaluation of the MA-5 Air 
Conditioner,” by J. L. Hahn and D. J. 
Scarafile, RADC. The unit, used by the 
Air Force for cooling electronic equip- 
ment, was rated extremely reliable, ef- 
ficient, compact and mobile. 29 pages. 
Order No. PB 151039, $1. ’ 


“The Theory and Operation of a Dy- 
namic Tester for Evaluating Package 
Cushioning Material,” by S. M. Krak- 
over, WADC. The report discusses re- 
finements in the design of Wright's pack- 
aging cushion tester, several redesigns of 
the dropping carriage and results of 
round robin analyses of dynamic testers 
used by a number of commercial labs. 
19 pages. Order No. PB 121692-S, 75c. 


“New Medium for the Protection of 
Electronic Equipment against Shock and 
Vibration,” by R. H. Jacobson, WADC. 
The medium is a multi-layer grid of 3/32- 
inch Teflon rods embedded in a matrix of 
silicone rubber. Fifty-seven materials and 
combinations of materials were investi- 
gated. 153 pages. Order PB 151005, $2.75. 


“Study of Ultra High Temperatures,” 
by A. V. Grosse and A. G. Streng, of 
Temple University, for the ARDC. The 
Study dealt with the combustion of pure 
ozone to oxygen and with the combustion 
of pure ozone with various fuel gases. 
Pure ozone and premixed mixtures of 
ozone and combustible gases were burned 
without detonation. 100 pages. Order No. 
PB 131732, $2.50. 
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HEAVENLY CHAMBER. Here is rendition 
of the 150-mile ionosphere simulation chamber 
Republic Aviation Corp. is planning for its $14 
million astronautics research center at Farming- 
dale, N. Y. The highest so far is said to be about 
38 miles for man and 85 miles for components. 
Tenney Engineering, Inc. is the chamber maker. 


COMPLEX GRADUATE. jack A. Ling 
(left), reliability engineer at the Sperry Utah 
Engineering Laboratory, Salt Lake City, is the 
50th graduate of MB Electronics’ series of 10-day 

inars on pl tion vibration testing. 
George H. Mett'er, president of MB, presents 
a diploma. 


MEASURE OF A POLARIS. 
A 35-foot high, 20-square foot 
structural test fixture to simulate 
all stresses encountered in 11 

ds after | hing by a Po 
laris solid propellant missile motor 
is being constructed by The 
Rucker Co., Oakland, Calif., for 
Aerojet General Corp. Loading 
equipment may be positioned in 
any desired direction. 


HEAT’S ON. at General Elec 
tric, Philadelphia, flame of more 
than 5,000° F. is aimed (left, top) 
at a sample of new nose cone 
protective material which GE says 
has withstood temperatures of 
more than 15,000°—greater than 
the heat of the sun. The material 
is an organic plastic substance 
said to ke more economical than 
protective coatings now in use. 
A: left, bottom, is Avco Research 
and Advanced Development's plas 
ma g tt pable of up to 
18,000° F. The first production 
model has been delivered to 
NASA‘s Jet Propulsion Laboratory 
in Pasadena, Calif. Originally per 
fected by Avco for testing me 
terials in Titan and Minuteman re 
entry vehicles, the device can be 
used to simulate closely enviror 
mental conditions of air enthalpy, 
pressure and heat flux associated 
with reentry, according to Aveo. 
(Circle EQ RSC “E” for plasma 
generator information.) 
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ATTRACTIVE IN ANY ENVIRONMENT. Minnesota 


Mining and Manufacturing Co.’s new “Paklon” film tape No. 
361 is said to resist the advances of water, acids, alkalies and 
other strong solvents, as well as wide temperature ranges. 
The hamme: helps illustrate its tensile strength of 30 Ibs. per 
square inch. The young lady helped get the picture into print. 


MOVING EXPERIENCE AT SPERRY GYROSCOPE. 
Only a sign guiding overwidth trucks suffered as Sperry’s 
new, 65-ton space chamb ded its two-section way from 
Tenney Engineering, Inc., Union, N. J., to Lake Success, N. Y. 
But inside the lab (right) there was trouble until braces welded 
to the back of the chamber section gave the crane a better 
grip. Then the upright section was skidded onto the waiting 
foundation of 90 tons of cork-insulated concrete (right, bot- 
tom). Meanwhile, MB Electronics dispatched a 92,000-ton vi- 
bration system from New Haven (below) to be mounted on 
the metal stanchions in the foundation. Two exciters in the 
system can each handle specimens weighing up to 2,500 Ibs. 
at up to 10 g acceleration under simulated conditions of 
120,000 feet, —100° to +350° F and either air or liquid 
cooling. (Circle EQ RSC “B” for information on the chamber, 
“C” for the shaker system.) 


COMMERCIAL APPLICATION. siab of polyurethane foam is being 
placed in an environmental chamber for humidity aging test at the England 
Co.'s Baltimore plastic division plant. The cabinets by Labline, Inc., Chicago, 
operate continuously around the clock at temps up to 210° F and humid- 
ities up to 95%. (Circle EQ RSC “D”.) 
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People You Know... 


CHANGING 


ENVIRONMENTS 


WILLIAM L. VANDAL, formerly eng- 
ineering group leader of NORTH 
AMERICAN AVIATION’S AUTO- 
NETICS division environmental lab, 
has become manager of central 
environmental testing at AERO- 
NUTRONIC, a FORD MOTOR CO. 
division, in Newport Beach, Calif. 
He is executive vice president of 
the Institute of Environmental 
Sciences. 

* 

E. ROBERT BRITTON, of E. ROB- 
ERT BRITTON & SONS, St. Peters- 
burg, Fla., has been granted a doc- 
tor of science degree. His doctoral 
thesis was: “Characteristics of a 
Multi-Degree-of-Freedom Auxiliary 
Vibration Table.” He is editor of 
“Suncoast Signal,” the Florida west 
coast IRE bulletin. 


Garber 


MAX GARBER, manager for the past 
six years of CONSOLIDATED 
ELECTRODYNAMICS CORPORA- 
TION’S Eastern regional office in 
Philadelphia, has become director 
of the company’s newly-established 
separate marketing organization in 
Rochester, N. Y. The Rochester di- 
vision will supply high-vacuum and 
environmental test equipment 
through district sales offices in 10 
cities. The new managers and their 
offices are: CHARLES P. HOLDER- 
BAUM, Rochester; RALPH A. 
BROSMAN, Boston; HERBERT C. 
WALDECK, New York (Hasbrouck 
Heights, N. J.); WILLIAM C. CAM- 
ERON, Philadelphia; ARTHUR A. 
CHAMBERS, Atlanta; CHESTER 
NORTHUP, Columbus; FRED €E. 
EICHMANN, Chicago; ALTON J. 
WANAMAKER, Beverly Hills; and 
ROBERT O. JOHNSON, Palo Alto. 
The manager for the Albuquerque 
office is to be named. 


EDWARD W. HEROLD, longtime di- 
rector of RCA’s electronic research, 
has become vice president for re- 
search of VARIAN ASSOCIATES. A 
distinguished scientist, he wrote the 


Encyclopedia Britannica’s article 
on electron tubes, has published 
more than 30 technical papers and 
holds 40 U. S. patents on tubes and 
semi conductors. Herold forsakes 
RCA’s Princeton, N. J., lab for Palo 
Alto, Calif., where he will direct 
long-range research for Varian, an 
11-year-old manufacturer of klystron 
tubes and other precision electronic 
devices. 


FRANKLIN H. DONNELL, chairman 
of CONSOLIDATED ELECTRODY- 
NAMICS CORPORATION’s finance 
committee for nearly 15 years, has 
been named senior vice president 
for finance. He will be responsible 
for the company’s financial policies 
and the administration of all inter- 
nal financial affairs. He will also 


Conover 


serve as vice chairman of the new- 
ly formed executive committee, 
which has overall supervision of 
CEC and its subsidiaries. Donnell 
was vice president of a brokerage 
firm and a member of the Los 
Angeles Stock Exchange when he 
was 22. Other promotions and 
changes at CEC include: DR. CLIF- 
FORD E. BERRY, appointed direc- 
tor of engineering for the Ana- 
lytical & Control Instrument divi- 
sion (he was assistant director of 
research); DR. CHARLES F. ROB- 
INSON, now associate director of 
research, up from chief research 
physicist; WILLIAM F. JOHNSON, 
assistant director of the Electro 
Mechanical Instrument division, a 
new post shifting him from direc- 
tor of sales engineering; and 
HOWARD B. LEWIS, chief engineer 
of the Transducer division. Lewis, 
who will head a new five-group en- 
gineering organization, joined CEC 
as a development engineer in 1952. 


CARROLL STOECKER, Eastern dis- 


trict sales manager of THE GAR- 
RETT CORP., has been made as- 
sistant manager of the company’s 


Aero Engineering Division with 
headquarters at Mineola, N. Y. He 
joined the company in 1950 as q 
sales engineer. 


JOHN E. GABRIELSON is THE BRI§. 

TOL CO.’s mew sales engineer jg 
He has been with 
the company since 1956 in the ap 
Plication engineering department at 
the Waterbury home office. He will 
handle the Salt Lake City-Idahg 


Salt Lake City. 


PAUL A. NISSEN has become saleg 
engineer for the Isomode division, 
MB BEBLECTRONICS, 
FRED BRADSTREET who earlier 
this year went up to division mang 
ger. Nissen will be responsible for 
sales and application engineering 
for MB’s broad line of vibration ise 

He joined MB i 

1956 and worked on design pro 


lating products. 


GEORGE M. ROUZEE has the newly 
created job of sales manager in the 
western development labs of PHIE 


CO’s Government and Industrial di 

With Philco less than 4 
he was G & I government 
sales manager for advanced mili 
He was formerly at 
SPERRY GYROSCOPE CO. 
sales manager for the air armament 
and special missile systems. 
will be succeeded by KENNETH J. 
formerly plans managef, 
advanced design division of MAR 
TIN COMPANY. 


LAUREL E. COOLY has been trans 
ferred from THE RUCKER COM 
PANY’s Oakland headquarters 
take charge of inside sales at the 
company’s Portland, Ore., 
The Portland office of the big 
pneumatic and hydraulic parts dit 
tributor was recently moved to neW 
and larger quarters, doubling the 
warehouse space. 


GERRET B. CONOVER, formerly 4& 
sistant chief engineer for Propul 


PENN-TEXAS CORPORATION, has 
been appointed to the similar job 
with PROPULSION TEST FACILE 
an affiliate of MB 
ELECTRONICS. 
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| Testing a telemetry component 
for the Polaris program on a 
Random Wave Vibration System. 
Lockheed Missile and Space 
Division, Sunnyvale, Calif. 


A a ms { 
‘TATCHED VIBRATION TEST SYSTEMS} 
he 


Ling Slippery Tables 


-small, packaged vibration 
Test Systems for a wide range 
of requirements 


Ling’s packaged vibration systems offer several 
distinct advantages for use in testing small equipment or 
components. These economical systems are extremely 
flexible ...operate with either manual or automatic 
sine wave cycling...and can be converted to random 
motion for a moderate cost at any future time. 

A complete line of Ling matched shakers and power 
generators is available with output forces of 25 to 500 
force pounds, in addition to the larger packaged systems. 


Spectral Density 
Equalizer /Analyzer Syste 


This entirely new concept in random wave 
equalization allows continuous and parallel 
observation and control of the test spectrum 
during vibration or high intensity sound testing. 
Operating as a system, it reduces random 
wave set-up time to a few minutes—provides 
easier and more accurate equalization because the 
operator has a continuous picture of the 
shaker spectrum, and makes corrections with 
simple level adjustments. 
Better equalization results, and overstress of 
specimens during set-up is prevented. 


Ling Vibration Slip Tables are designed to expand the 
use of a given size shaker by relieving it of specimen 
and fixture weights, thus reducing cross-talk and 
secondary resonances. Full shaker stroke is possible 
because fixture and specimen weight do not load 
the shaker flexures. 

Simplified fixtures, mounting and set-up save on 
tooling and allow more testing time. 

This unit features a black granite table top, 
a manually-operated hydraulic leveling and height 
adjustment, and magnesium slip plates. 


Factory Sales Offices: 


9937 West Jefferson Boulevard 
Culver City, California UPton 


120 Cross Street, Winchester 
Massachusetts « Winchester 6-3810 


1515 South Manchester Avenue 
Anaheim, California « PRospect 4-2900 
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HOW GUARDITE CUTS 
ENVIRONMENTAL TESTING 


29,000 HRS. CONTINUOUS OPERATION WITHOUT 
DOWNTIME is the record of this complete en- 
vironmental laboratory installation. 


Superb Engineering, Precision Construction, 
Keep Maintenance Expense at Record Low 


From 3 Cu. Ft. Chambers to Mammoth 


g: Too often the lowest bid ends up as the Testing Installations 
highest overall cost—when down time and ze. i 
he excessive maintenance expense are added. 
Guardite bids on Environmental Test 
Equipment are always sharp-pencilled — 
f but never at the sacrifice of performance High-Low Temperature 


Trop-Arctic Chamber 


and durability. The most significant sav- ~100°F to 250°F, 8 cu. 


ings show up in trouble-free operation, — {t. capacity (Available 
year after year. Guardite’s exceptional uardite Chamber for research and devel- from stock) 
record of low maintenance and high per- 
formance applies to a very wide field of 
test equipment, from 3 cu. ft. chambers 
to huge installations that explore new 
frontiers of hyper-environmental research. 
We are equipped to accept your tough- 
est problems on a design-study basis—or 
we will do all engineering, fabricating and 
testing from your performance specifica- 
tions. Write or phone for information— Mark 9 Test Chamber 


te Catalog. simulates altitudes over 
nd be sure to get the new Guardite Catalog 1eenete ft., temperatures —100°F to 


Write for complete new cat- 


| DIVISION OF 
AMERICAN-MARIETTA COMPANY 
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THE SEISMIC SHOCK AND 


Prae t ca VIBRATION PICKUP — Part 
vs. the 


IT d / by John H. Armstrong 
owe e a and George Stathopoulos 
vy Naval Ordnance Laboratory 
White Oak, Silver Springs, Md. 


Practical shock and vibration instruments are 

at most only approximations of the ideal- 

ized system postulated for purposes of analysis, 
since many of the assumed conditions 

cannot be entirely realized. Principal 
deviations from the idealization and 

their qualitative effect upon performance 


should now be considered. 

a HE ASSUMED single-degree-of-freedom system includes a mass- the signal-displacement or signal-velocity relationship of the 

x“ less, linear elastic element supporting a rigid mass within sensing scheme. 
i = a rigid case. The sensing system is also theoretically linear in its While similar in effect upon the calibration factor, these two 
st ia translation of case-mass motion to output signal. sources of non-linearity may be different in effect upon pickup 
A distortionless pickup will have a constant calibration factor usability. Non-linearity in the sensing system can be compen- 
or ratio of the amplitude of the output signal to the amplitude sated for by a correction factor determined by calibration of the 
pies of the corresponding parameter (acceleration, velocity, etc.) of sensing system alone under static conditions (in a centrifuge or 
the exciting motion. If the calibration factor varies with the by the application of known deflections, for example) . Since the 
amplitude of the exciting motion, amplitude distortion is pres- natural frequency of the instrument is related to the stiffness of 
ent. The principal cause is non-linearity in the pickup, either its seismic system, marked non-linearity in the mechanical sys- 
. in the force-deflection relationship of the elastic element or in tem results in a different effective natural frequency of the 
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RELUCTANCE 
: | | 
— FIG 10 PIEZOELECTRIC 
a aa os 0 So 100 $00 1000 10900 (STRENGTH OR oF | 
ACCELERATION RANGE. 
| | if RIC TITANATE) 
exvenvs Yo lectric 
Principle. Stack of piezoe 
crystals, electrically connected 
in parallel, forms sensing ele 
til ment and also constitutes elds 
Las tic element in seismic system. 
Charge produced at terminals 
proportional to stress induced 
crystal stack by inertia force 
800 mass, thus providing indication 
wae of case-mass movement. Damp 
ing, derived primarily from hys 
teresis in crystal material, 
] RECORDING SYSTEM W CASE OF LOW OUT- materials used: barium titand 
— - Rochelle salt, ADP (ammonium 
FREQUENCY dihydrogen phosphate), quartz. 
Advantages: High output vol 
STRAIN Sa0e (BONDED FIG 9 USEFUL RANGE UMITS OF TYPICAL tage (50 mv/q typical for low 
ACCELEROMETER PICKUP, INDICATING gh 
yer = USUAL LIMITING FACTORS range pickup working _ throw 
— short cable into high-input-impee 
oo so 0 $0 00 800 1000 0,000 ance recording instrument); hig 
-SCALE OUTPUT, VOLTS natural frequency. 
FIG.6 ACCELERATION, FREQUENCY, AND OUTPUT VOLTAGE Disadvantages: Limited low 
frequency response; output vo 
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_ pickup at different input amplitudes, which may result in dif- 


ferences in response to various frequencies (frequency distor- 
tion) as well. 

The presence and magnitude of this effect can be determined 
accurately only by more elaborate dynamic calibration proced- 
ures. These effects, which can be compensated for by the use 
of calibration curves, may still represent a problem in connec- 
tion with measurement of transients, since the frequency of 
various components in the signature ordinarily will not be so 
determinable that the appropriate value of a calibration factor 
that varies with frequency can be applied individually. 


Multiple Degrees of Freedom 


In practice, the mass of the elastic element is not negligible 
and the system has some of the charactristics of a distributed- 
mass system with multiple degrees of freedom. In the case of 
an accelerometer the resulting effects become significant only at 
frequencies above the principal natural frequency, where the in- 
strument response is badly distorted anyway. Hence they are of 
no importance within the operating range of the instrument. On 
the other hand, in velocity-displacement pickups (which, con- 
sidered as an ideal system, have no theoretical upper frequency 
limit) these higher-mode resonances are usually the factor 
limiting the upper usable frequency range of the device. 

Flexibility of the case and its mounting to the test specimen 
and of the mass results in a certain amount of motion in ad- 
dition to the intended deformation of the elastic ele- 
ment. These extraneous deflections constitute part of the re- 
sponse of the system to the excitation but do not appear in the 
mass-case motion which is sensed. Therefore, the effective natural 
frequency and sensitivity of the instrument always tend to be 
lower than calculated. These effects, while undesirable be- 
cause they reduce the usable range of the instrument, have 
little effect upon the mid-range accuracy of the instrument if 
dynamic calibration is properly carried out. 

Effects of slippage or flexibility in pickup mounting cannot 
be accounted for by calibration of the pickup alone. The im- 
portance of rigid mounting in high-frequency work is evident 
from the minute displacements corresponding to a_ given 
level of acceleration: at 1,000 cps, a 10 per cent error in the 
measurement of 10 g will result from .00001 in. (144 micron) re- 
lative motion between instrument and point of attachment. 


Damping and Other Characteristics 


Damping Properties. The, damping element is assumed to be 
weightless and to provide a constant value of pure viscous 


Herewith the second and concluding in- 
stallment of the penetrating analysis of 
shock and vibration pickup begun in the 
last (July) issue of EQ. The authors, 
John Armstrong and George Stathopoulos, 
write from long experience with 

- ordnance. The former, chief of the NOL 
air and surface mechanical engineering 
department, has been at White Oak since 
1943. The latter, who is staff consultant 
in the environmental simulation division, 
has been with the NOL since 1945. - 


For new readers of EQ who would 
like to have Part I of the Armstrong- 
Stathopoulos study, a limited number 
of copies of the July issue are avail- 
able. Send 75c (postage is accept- 
able) to Environmental Quarterly, 
P. O. Box 2583, Grand Central Sta- 
tion, New York 17, N. Y. 


(proportional to relative velocity) restraint. The actual effec- 
tive mass of the actual damping element (fluid, for example) 
has the effect of further decreasing the effective natural fre- 
quency of the instrument, reducing frequency response range 
but not necessarily decreasing accuracy. 

Since most instruments depend upon damping for maintenance 
of proper response characteristics through a considerable portion 
of their usable frequency range, damping value variation must 
be minimized. Doing this throughout the operating temperature 
range is difficult and the effect of large changes in damping 
upon accuracy will usually be unacceptably large unless com- 
pensated for or calibrated out, or minimized by operating the 
pickup at controlled temperature. 

The presence of non-viscous damping, such as the dry or 
Coulomb friction introduced by the direct-writing element in 
some self-contained instruments, results in hysteresis and con- 
sequent loss of resolution’which cannot be eliminated by cali- 
bration. 

Sensing and Recording Characteristics. It is also assumed 
that the linearity, frequency response and resolution of the re- 


tage dependent upon minimized 
capacitance in cable and record- 
ing equipment; negligible damp- 


in a-c excited Wheatstone bridge 
which thus generates output volt- 
age proportional to acceleration. 


form wound with one primary 
and two secondary windings — ‘Wan 
forms seismic system. Position of u STRAN GAGE 


ing; considerable transverse sen- Eddy current or viscous fluid 
sitivity; some materials are sen- damping is used. 

Sitive to temperature damage 
and/or effect upon output. 


Variations: Crystals may be ar- 


Advaniages: High output volt- 
age; low output impedance; ideal 
ranged to be sensitive to bending for telemetry since accelerometer 
rather than compression; low-pass itself can be used as part of oscil- 
filters, damping-equivalent tuned lator circuit; zero-frequency re- 
corrective circuits, and imped- sponse. 
ance-matching (cathode followers) 
circuits may be used to overcome 
cheracteristic output difficulties. 


3 / ARMATURE 
“7 Pwor 

‘MASS 


Limitations: Requires exciting 
voltage at frequency at least ten 
times highest frequency to be 
resolved; requires balance cir- 
cuit and demodulator. 

Variations: One or four active 
legs of bridge may be included 


s in instrument. 
[cou] 
FIG. VARIABLE RELUCTANCE ¥ 
PRIMARY | 
Principle: Seismic system con- 
sists of mass mounted on one 
end of spring-restrained arma- SECONDARY 27 
lever of magnetic material. 
nder acceleration, rotation of 


amature changes gaps in mag- 
Netic circuits, increasing induct- 
ance of one coil and reducing 
inductance of coil in other cir- 
cuit. Coils are active elements 


DIFFERENTIAL TRANSFORMER 


Principle: Magnetic core sup- 
ported by springs within coil 
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core determines relative cou- 
pling between primary and each 
of the secondary windings. Sec- 
ondaries are connected if series 
opposition so that net output volt- 
age is difference. When equi- 
librium output voltage is made 
zero by positioning core, relative 
motion of core within case results 
in output proportional to displace- 
ment. Damping is provided by 
immersion of seismic system in 
viscous fluid. 


Advantages: High output volt- 
age (50 to 200 mv/v); low output 
impedance; zero-frequency 
sponse; excellent linearity and 
very low transverse sensitivity; 
optimum damping. 


Limitations: Sensitivity varies 
with exciting current frequency; 
requires exciting frequency at 
least ten times highest frequency 
to be resolved; requires demodu- 
lator. 


Variations: Magnetic damping 
may be used to improve extreme- 
temperature performance; _self- 
calibration may be provided by 
including additional coil. 


ELEMENTS (4) 


FIG 13 WIRE RESISTANCE STRAIN GAGE 


Principle: Four sets cf fine 
wires, prestressed and electrical- 
ly connected in Wheatstone 
bridge arrangement, support 
mass guided by flex plates and 
constitute spring in seismic sys- 
tem. Change in electrical resist- 
ance of wires is proportional to 
change in strain induced in 
wires by mass-case motion. Mo- 
tion of mass is limited to elastic 
range of wires by rigid stops. 
Damping is provided by immer- 
ws of seismic system in viscous 

uid. 


Advantages: Excellent linearity 
and stability; low transverse 
sensitivity; low output impedance; 
zero-frequency sensitivity. 


Limitations: Low output voltage 


(maximum of about 50 vm); o 
timum damping difficult to o 
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CREATING 
ENVIRONMENT... 


@ LOW TEMPERATURE CHAMBERS 
USING LIQUID CO, FOR COOLING 
@ Low Cost of Equipment 


e Easy To Use 


e Ideal for All Kinds of 
Cold Testing to —100°F 


To meet 
MIL-E-5272C 
and others. 


DEVELOPMENT ENGINEERING 


COMPANY, INC. 
9 Cross Street « Norwalk, Connecticut 


Write for Information 


* Manufacturers of Environmental Test Equipment 
Fungus Testing - Cold - Heat - Altitude - Humidity 
Salt Spray 


OPERATIONAL TESTING 
under all 


ENVIRONMENTS 


Use our facilities to evaluate product operation under all 
environmental conditions. Get automatic alternating cycles of 
contrasting conditions...remote control of product 

operation by mechanical, electrical or hydraulic means... 
and a wide range of supply voltages and frequencies. 
Simulate high-low temperatures, humidity, altitude, explosion, 
immersion, salt spray, sand and dust, rain, fungus, vibration, 
shock, acceleration, etc. Test to military, government 

and commercial specifications. 


Complete facilities in the fields of chemistry; metals 
chemistry; metallurgy; physical testing of materials; engineering 
analysis of mechanical, electromechanical and electronic 
devices; site inspection; package testing; psychometrics and 
certification services for product quality control. 


TES TESTING COMPANY, INC. 


tain in high-g pickups. wine limit 
roblem of maintaining wipe; 
gages bonded to member con- steady-state measurements 
stituting elastic element in seis- 7 
mic system; gas damping in di- Variations: Unbalanced-rang 
system may be instruments can be macie; its 
used to extend high-frequency can be provided with taps fp 
range, reduce effects of temper- control or switching purposes. 
ature on damping. 


ENVELOPE 


CATHODE 
(rigiad 


[ 


FIG. 14 POTENTIOMETER FIG 15 ELECTRONIC 
ACCELEROMETER ACCELEROMETER 
Principle: Resistance wire close- P-inciple: Flexibly-mounted 


ly wound on mandrel is fixed to plate in vacuum tube acts q 
case. Wiper attached to seismic seismic element; motion under a 
mass produces output voltage celeration is detected by chang 
proportional to displacement of in plate circuit resistance. Cath 
mass and thus to acceleration. ode is supplied with heater pow 
Stops limit motion of mass to er; plate circuit is connected ip 
rated range; eddy current or bridge to provide output voltage 
viscous fluid damping is used. proportional to acceleration. 


Advantages: High output volt- Advantages: High output volt 
age: be age; light weight. 

‘ailor to specific recording ap- Limitations: Dampi di 

sensitiv- provide; considerable power and 
Yi P 7 heat dissipation required. 

Limitations: Accuracy limited Variations: May have double 
by Coulomb friction of wiper; late to provide twe arms 
resolution limited by spacing of Geille. 


cording system are compatible with the limits of performance 
set by the seismic system’s characteristics and that the motion- 
sensing system of the pickup is compatible in output character 
istics (such as impedance) with the recording system and the 
transmission link between pickup and recorder. These facton 
often represent the governing limitations of the useful range of 
specific instruments. For example, modulated-carrier systems 
must operate at a frequency at least ten times greater than that 
of the highest frequency components of motion to be defined, 
which may introduce transmission or balancing problems. Over- 
all system accuracy, of course, is essentially limited to that of 
the poorest element. 


Types of Accelerometer 


As the most important class of shock and vibration measuring 
device, accelerometer pickups are manufactured in considerable 
quantity and variety. While in general the capability of ac 
curately responding to high-frequency components of motion is 
obtained at the expense of voltage sensitivity and the ability t 
record low values of acceleration, the nature of this and other 
interrelationships among desirable qualities varies radically 
among instruments operating upon different principles. 


There is no single figure of merit which fully expresses the 
relative desirability of a particular type of pickup over a wide 
variety of applications, and no one type of instrument is clearly 
superior in all respects for most purposes. To provide a first 
indication of pickup usability, Fig. 8 summarizes acceleration, 
frequency and output voltage ranges for eight types of accelero 
meter. Ranges given are those covered by a family of pickups 
of the type indicated of varying sensitivity and full-scale limit, 
not necessarily by any one instrument. 


Physical factors characieristically determining the practical 
limits of usability for a given accelerometer are shown in Fig. 4 
The schematic principle of operation and outstanding advat 
tages and limitations of common types of continuous-recording 
accelerometers are depicted and discussed in Fig. 10-15. 


In these discussions, sensitivity is defined as high if the vol 
tage output under normal use conditions is such that no special 


(Continued on Page 5) 
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DIAL-A-GA 


ACCELEROMETER SENSITIVITY STANDARDIZER 


SIMPLIFIES 
ACCELERATION 
MEASUREMENTS 


USE ANY 


3) READ ACCELERATION 
ACCELEROMETER 


DIRECTLY ON ANY VTVM 


} DIAL ITS SENSITIVITY AND 
AUTOMATICALLY SET 
OUTPUT TO 1 V/g 


@ VARIABLE GAIN 


By simply dialing the sensitivity of the accelerometer on the precision cali- 
brated dial, 1 volt/g is generated at the output allowing any VTVM to read 
acceleration directly. 


@ STANDARDIZED SENSITIVITY 


Convenient sensitivity of 1 V/g allows direct reading in volts. Converts all 
accelerometers to same sensitivity. 


@ SINGLE DIAL SETTING 


DIRECT reading dial calibrated in sensitivity allows adjustment without 
computation or calibration. Avoids errors. 


@ IMPEDANCE MATCHING 


High input impedance eliminates external Cathode Follower or matching 
amplifier. 


FOR COMPLETE SPECIFICATIONS, WRITE: 


2994 WHITNEY AVE. 
HAMDEN 17, CONN. 


NHOLTZ 
=BJICKIE 


CORPORATION 
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rimer on 
iezoelectric 


by Warren D. Hancock 


Chief of Technical Services 
Endevco Corporation 


V IBRATION and shock can be defined in terms of dis- 
placement, velocity or acceleration. Acceleration is the 
value most often desired because the destructive force is 
equal to mass times the acceleration. Acceleration, velocity 
and displacement measurements can be easily correlated 
only when the vibration being measured is a simple sin- 
usoidal motion containing one frequency. 

Unfortunately, vibration to be measured in practice al- 
most always contains some harmonic distortion, even with 
sinusoidal laboratory shakers. For this reason, if acceleration 
data is required, true accelerometers should be used and 
correlation should not be attempted with velocity and dis- 
placement data without taking extreme care to isolate each 
specific vibratory frequency. 

The ability of certain materials to generate a charge 
when subjected to a physical stress has been known for 
many years. Some of the common materials of this type 


Acceleremeters 


A lucid, well-illustrated manual on 
accelerometers by Endevco Corporation 
has proven to be one of the most 
popular booklets ever offered through the 
pages of Environmental Quarterly. 

This primer was condensed from the 
manual by the man who was in charge 
of its preparation. 


are: Rochelle Salt, ADP, DKT, KDP, Quartz, Tourmaline, 
Barium Titanate, Lead Zirconate-Lead Titanate and Lead 
Metaniobate. These piezoelectric materials contain crystal 
domains which are oriented in the same direction, either 
by nature or by polarization during the manufacturing 
process. When stress is applied, the minute relative dis 
placement of the crystal domains generates a charge. A 
full scale crystal deflection of 3 micro-inches may product 
as much as 100 volts. 

Piezoelectric accelerometers cover such wide frequenciés 
as 2 cps to above 12KC and dynamic ranges as .001 to 30; 
000 gs. There are types that never employ damping, and 
introduce no phase shift error. Case isolation, little af 
fected by mounting, acoustic noise and other non-vibration 
environments, is also available. 

The usefulness of piezoelectric materials depends 
many factors, such as their internal resistance, charge get 
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erating ability and capacitance and the effect of tempera- 
ture on these and other characteristics. Since in pure form 
they may not perform as required, materials have been 
developed with specific crystal elements for use in dynamic 
transducers. 


Non-Vibration Environments 


In this connection, non-vibration environments such as 
nuclear radiation and magnetic and RF fields may have an 
effect, and adequate isolation must be provided against 
ground-loops and stray signal pickup. A high intensity RF 
field may require special shielding of the accelerometer 
output cable and amplifier. Large doses of neutron and 
gamma radiation seem to cause a decrease in output and 
depolarization occurs gradually at higher radiation levels. 


In flight or static testing, considerable vibration is in- 
duced by acoustical energy. It has been shown in numerous 
cases that random acoustical energy of 120 db can induce 
vibrations of the order of 50 gs or higher in structural mem- 
bers and it can be assumed that higher acoustic levels 
may increase the vibration levels, although not necessarily 
linearly. 


It has also been shown that crystal accelerometers have, 
at the most, noise outputs equal to only a few gs at 150 db 
noise levels, so that if the usual high level vibrations are 
to be measured in acoustic fields, good signal to noise ratios 
and accuracies are obtainable. There are other cases, how- 
ever, where low level evaluations on structures that are not 
subject to acoustic excitation must be made in high level 
acoustic fields. In these cases considerable attention must 
be paid to the acoustic response of the measuring system 
to assure good signal to noise levels and accuracies. The 
resonant frequency (fn) of the crystal accelerometers must 
be at least three times the highest acoustic frequency ex- 
pected. 


Mounting Accelerometers 


Mounting is an important and sometimes overlooked 
technique in using accelerometers. When, for example, it is 
impractical to drill a hole in the test object, cement is 
useful, and there are several types available. For low temp- 
eratures cure point epoxies or dental cement may be used. 
Eastman #910 cement is very easy to use in normal temper- 
ature, non-humid environments. Non-hardening cements 
cannot be used because of decoupling. At least three 
kinds of double-backed tape are available: M M & M, 
Polyken and Tuck Tape. These tapes are useful in sur- 
vey work at low g levels (below 10 gs and below 500 cps). 


The mounting fixture is one of the most important as- 
pects of vibration testing. Too often fixtures that were 
designed for testing at low frequencies are used for pro- 
grams involving high frequencies. Many fixtures have 
resonant points which are below 2KC with Q’s of 10 or 
more. This may result in severe over or under-testing, with 
resultant high component failure rates or over-design. 


To properly design a fixture, the exact nature of its use 
must be known: frequency range, g level and, of course, 
the mechanical specifications of the test object. Individual 
fixtures should be designed for each component or in- 
strument to be tested above 500 cps and 10 gs. 


A fixture that introduces spurious response into the test 
obviously is not satisfactory, and as it is impossible to 


design the ideal fixture, it is mandatory that its exact 
characteristics be known in advance. Not only must the 
fixture be carefully designed, it must be tested and the 
vibration plotted at several points. The more complex the ~ 
structure, the more points to plot. 


Here are some major design considerations for a fixture: 


1. The major resonant frequency must be well above or 
below the frequency test range. 


2. The fixture should be as light as possible (magnesium 
alloy is preferred). 


3. The static and dynamic center of gravity should be 
directly over the c. g. of the shaker and should be mounted 
as close to the head of the shaker as possible. 


4. Cast fixtures are preferred, with machined assemblies 
and welded construction next in order. A welded fixture 
must be machined after welding. 


5. Box or similar type construction which create a 
closed path to standing waves are to be avoided. 


6. The test fixture must be rigid and as simple as pos- 
sible. “T” & “U” shapes are useful when vibration is to be 
in one axis. “L” shapes are easily rotated 90° to the plane 
of vibration. 


Shock Measurement 


Since a shock pulse is made up of many simultaneous 
vibration frequencies, everything said about vibration ap- 
plies to the use of piezoelectric accelerometers in shock 
measurement. In addition, shock testing imposes special 
problems not encountered in normal vibration work, in- 
cluding: 


High g levels (from 100’s to 10,000’s of g’s), very wide 
frequency response, transient response characteristics of 
instrumentation and repeatability of test conditions. 


A shock pulse is usually a shaped acceleration time 
spectrum in the form of a half sinusoid, sawtooth triangular 
wave or square wave. In some cases the shock pulse is 
specifically shaped to contain a desired amount of energy 
in certain frequency bands. Most shock pulses contain es- 
sentially all frequencies from DC to well above 10KC. 


For shock work the entire system must have a low fre- 
quency response 50 times greater than the period of the 
fundamental frequency for accuracy of 2%. Shown in Fig. 
1 are the results of two instrumentation systems, one with 


Warren D. Hancock, sales man- 
ager for Endevco Corporation, 
Pasadena, Calif., is not only an 
author of considerable talent but 
a motion picture producer, too. 

His 16mm _ sound-color picture, 
“Vibration and Its Measure- 
ment,” combined animation and 
live action in such a sparkling 
treatment of a technical subject 
that it won honorable mention 
in the first American Film Fes- 
tival this year. Hancock became 
Endevco’s sales manager two 
years ago. Before that he had 
founded Hancock Electronics Co., 

where he designed and manufactured elosed circuit tv systems and 

related electronic products. He is a UCLA graduate of 1948. 
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ALTITUDE 
TEMPERATURE 
HUMIDITY 
ACCELERATION 
FUNGUS 
RAIN 
SUNSHINE 
VIBRATION 
EXPLOSION 

SHOCK 


SAND AND 
DUST 


SALT SPRAY 


RADIO NOISE 
IMMERSION 


KNOW-HOW" 


As a pioneer in the design and de- 
velopment of equipment and “know- 
how” techniques in environmental 


testing . . . General Testing Labora- 
tories offers you these advantages: 


(eo Our competent staff of engi- 
neers and technicians, many with 
a decade of experience in this line, 
are available for analyzing and help- 
ing you with your environmental 
testing requirements, in compliance 
with industrial and Government 
specifications including MIL-E-5272A 
and related tests. 


To assure accurate and de- 
pendable tests, our modern, up-to- 
date equipment is devoted exclu- 
sively to giving quick service and 
reliable data for the proving of your 
products under any weather and 
environmental condition. 


Phone or write today 
for a personal discussion 
of your test problems. 


frequency response to 2 cps and the other with response 
3 db down at 25 cps. Note that the instrumentation sg 
tem without flat low frequency response completely dig 
torts the acceleration time curve. i 


(No negative acceleration) FREQUENCY RESPONSE FREQUENCY RESPONSE 
down ENDEVCO 3db dawn ENDEVGO 
at 25 cps 2 cps to 10 Ke at 25 cps |2eps to 1OKe” 
20 millisecond 0g % 9 Unknown —6o = 
11 millisecond 10g Bq Unknown —49 
6 millisecond Sig / Bq —S29 
2 millisecond 59 100g —409 0 
| millisecond 879 100g —269 0 
500 microseconds 919 100g —189 0 
Figure 1 


Filters are not recommended for shock work since the 
distort peak acceleration values and introduce phase shift 
which will change the shape of the acceleration time curve 
by shifting different parts of the spectrum by varying 
amounts. If the test specification calls out the use of@ 
filter, it is strongly recommended that the unfiltered 
sponse from the transducer be monitored as well. The need 
for filters can in general be eliminated by choosing piem@ 
electric transducers with natural frequencies of 50 KC @ 
higher. 


Basic Sensitivity Measurement 


The calibration of a DC type accelerometer is relatively 
simple, while the calibration of a dynamic accelerometer & 
necessarily more complex. The most accurate method 
developed to date is based on optical calibration of dis 
placement by means of a microscope or other suitable de 
vice. Optical calibration has the distinct advantage of being 
a fundamental measurement: it does not introduce the 
errors of another transducer system. The vibratory func 
tion must be a single frequency sine wave free of all dis 
tortions. 

When any appreciable amount of material exists between 
the accelerometer being calibrated and the other measur 
ing instrument, there is a increasing uncertainty that the 
two devices are going through the same motions at higher 
frequencies. This applies to signal coil generators whid 
usually are mounted some distance down from the vibrat 
ing table surface on which the accelerometer is mounted. 


(Continued on Page 52) 
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REFLECTIVE SHEETING 


MOUNTING ASSEMBLY OF ENDEVCO TEST SHAKES 
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NOW AVAILABLE... 
USE-PROVEN ENVIRONMENTAL TEST EQUIPMENT 


Auvco test equipment meets severe environmental testing requirements of ballistic missile program 


SHOCK TESTING. Shock Test Machine SM-010, first in a 
series of Avco-developed and use-proven shock test machines, 
answers broad categories of testing requirements. 


* Produces shock pulses up to 
1000 g’s 

* Handles specimen loads up to 
100 pounds 


* Provides sawtooth, quarter- 
sine, half-sine, square and tri- 
angular pulses 

* Designed to permit easy du- 
plication of particular shock 
pulse for repetitive testing 


* Use-proven in qualification 


testing of electronic and elec- 
tromechanical units for major 
missile program 

* Occupies less than four square 
feet of floor space 

¢ Incorporates operator safety 
features 

« Shock pulses easily modified 
by changing lead pellet or rub- 
ber pad decelerators 

¢ Provides capability of recy- 
cling for life testing 


ENVIRONMENTAL TEST FIXTURE. This new unit was designed 
for general environmental lab use and has several advan- 
tages over the conventional unit. 


* Mounts on vibration exciters, 
acceleration and shock test 
machines 

* Permits simultaneous testing 
of several small components in 
three planes 

* Both fixtures available in be- 
ryllium to meet more stringent 
Tequirements 


October 


¢ Virtually resonance-free up to 
2000 cycles 


¢ Two sizes available: TF-006-1 
(specimen size—6 x 6 x 4% 
inches) handles specimens up 
to 6 pounds; TF-025-1 (speci- 
men size—12 x 12 x 9% inches) 
handles specimens up to 25 
pounds 


(left) Shock Machine SM-010, 
with shock pulses up to 1000 g’s, 
meets rigid specifications of WS- 
107A-2 Environmental Test Re- 
quirements for ballistic missile 
components. 


(above) A 


Noise Ge 


AG-012, producing up to 163 db 
of random noise, can be used 
singly or in systems with other 
speakers to meet specific testing 
requirements. 

(right) Environmental Test Fixture 
(two views shown) is compact 
and versatile. Handles several 
specimens along three mutually 
perpendicular axes. Mounts on 
standard vibration exciters, cen- 
trifuges and shock machines. 


ACOUSTIC NOISE TESTING SYSTEMS. Avco has pioneered in 
the development of these systems, featuring the Avco 
Acoustic Noise Generator AG-012. 


¢ First noise generator to dupli- 
cate random noise of rocket 
engine firing 

¢ Produces up to 160+3 db of 
random noise into a 4-inch 
progressive wave tube, there- 
by providing most powerful 
single electrodynamic loud- 
speaker available 


* Peak single frequency of 170 
db at 200 cycles per second 


« Adaptors available for chang- 
ing to 4-, 6-, 12-, 18-inch plane 
wave tubes in minutes 


« Single electrodynamic loud- 
speaker offers maintenance ad- 


vantages over multispeaker 
systems 

* Designed for operation with 
existing vibration amplifiers— 
no additional capital equip- 
ment required 

¢ Single Avco Noise Generator 
permits tests formerly requir- 
ing up to 50 speakers 

¢ Single Avco AG-012 becomes 
heart of complete noise testing 
system 

* Designed for progressive wave 
and reverberant chamber test- 
ing 

¢ Frequency range from 20 to 
2400 cps 


Avco’s line of Environmental Test Equipment is fully repre- 
sented by local agents throughout the continental United 
States and the world. For further information write: 
Products and Services Department, Research and Advanced 
Development Division, Avco Corporation, Wilmington, Mass. 
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First three lines free to those who write own “Situation 
Wanted” ads. Reply code number $2 extra but no charge 
‘or handling replies. Payment in full with copy, except 
from recognized agencies. 


Deadline tor January, 1960, issue Environmental Want Ads is 
Dec. 10, 1959. Send order, copy, payment and all inquiries to 
Environmental Want Ads, Environmental Quarterly, P. O. Box 
2583, Grand Central Station, New York 17, N. Y. 


For free “Situation Wanted” ad give only following informe 
tion in this order: Job title (two permitted), age desired) 
degrees. recent experience, desired, where you prefer 
work and name and address. it two will be withheld if 
reply code is used.) 


SITUATIONS WANTED SITUATIONS OPEN 


MANAGER Env. Lab. or test 
facility. D.Sc., exp. all phases 
of env. Sal open. Write EQ 
EWA +2. 


Environmental 
Test Engineer 


SITUATIONS OPEN 


Opportunities in 
Shock and Vibration 
must be Mechan- 
ical Engineers or Physicists 
with working knowledge of 
snock and vibration. Ppii- 
cants being considered for: 

Sales Engineers 

Product Engineers 

Design Engineers 
Please send resumes to: 


T. Peter Goethel, 


! 
IRC, a pioneer in electronics, 
is looking for one of the top | 
i tal test s in 


the field. 

Our man will possess an EE 
degree or equivalent and 5 to 
10 years’ environmental test lab 
experience. He should be 
thoroughly familiar with military 
specifications and reliability re- 
quirements. He must have a 
proven record of successful ad- 
ministration of a large facility 


with major personnel and equip- 

Sales Manager ment budget. He should be cog- 
Military Division nizant of important trends in 
BARRY CONTROLS INC. anvironmental testing and cap- 


able of introducing them. In 
short, we are looking for 2 | 
leader. 


700 PLEASANT STREET 
WATERTOWN 72, MASS. 


This position affords an ex- 
cellent salary and numerous | 
benefits. It represents a career 
opportunity in our dynamic ex- 
pansion program. 
For Detuils in Confidence 

write 

engineering employment | 


TEST ENGR, N.Y. Env. Testing 
Lab. State qualif. Sal open. 
Write EQ EWA +3. 


INTERNATIONAL 
RESISTANCE COMPANY 
401 North Broad Street 1 
Phila. 8, Pa. | 


For Complete Details 


on 
ENVIRONMENTAL WANT ADS 
write 
Environmental Quarterly 
P. O. Box 2583 
Grand Central Station 
New York, 17, N. Y. 


THERMOSEAL 


—100° to +350° F differential. 
Prompt deliveries. 


. . . tempered glass units and 
tempered glass now available 
for rapid delivery. 


We also offer engineering service. 

THERMOSEAL GLASS 
CORPORATION 

P.O. Box 342 « Camden, N. J. 


SITUATIONS OPEN 


Electronic Engineers 


. . « Positions at several levels 
including supervisory 


. . . High salaries—commensurate with 
ability and experience 


Interesting and challenging positions with Republic 
Aviation Corporation for electronic engineers to develop 
test equipment, methods and procedures for determining 
the conformance of complex electronic equipment to AF 
and Company quality control specifications and standards. 


Work closely with other engineering groups and elec- 
tronic manufacturers to determine types of equipment 
required to test and simulate flight operations of radar, 
navigation, fire control, and other types of electronic 
systems. 

Develop procedures and methods for use of electronic 
test equipment. Assist supervision with manufacturing 
problems. Investigate malfunctioning of electronic equip- 
ment off and on aircraft. Prescribe corrective action. 
Make recommendations in methods and procedures as 
may be required to meet new developments in the 
e'ectronic field. 

Send resume in confidence to: 


Mr. William Walsh 


REPUBLIC 
AVIATION CORPORATION 


Farmingdale, Long Island, New York 


BUY 
Environmental Test Equipment 
With Confidence 
From Members of The 
ENVIRONMENTAL EQUIPMENT INSTITUTE 
Bemco, Inc. 
Hudson Bay Co. 
Murphy and Miller 
Blue M Electric Co. 
Harris Refrigeration 
Standard Cabinet Co. 
Tenney Engineering, Inc. 
American Research Corp. 
International Radiant Corp. 
Cincinnati Sub-Zero Products 
- Alpha Electric Refrigeration Co. 
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ACCELEROMETER SENSI- 
TIVITY STANDARDIZER 
by Unholtz-Dickie Corpora- 
tion allows direct reading of 
acceleration on any VTVM 
by converting accelerome- 
ter sensivities to 1 volt/g. 
Called Dial-A-Gain, it in- 
cludes a cathode follower 
input and a precision ampli- 
fier with a continuously vari- 
able logarithmic gain con- 
trol dial, hand calibrated di- 
rectly in accelerometer sen- 
sitivities. External cathode 


followers are eliminated. 
For More Informatio 


WIDE BAND RANDOM 
NOISE SIREN by PAM As- 
sociates, Inc. gives extreme- 
ly close simulation of larg- 
est jet’s power level and 
highest thrust rocket’s 


HIGH-LOW TEST CHAM- 
BER, Model FB-30, by Con- 
rad, Inc., allows production 
line techniques by means of 
doors on opposite sides. 
Tests can be put in from 
one side and removed from 
the other. Thirty cf. Each 
door has a 2 sf viewing 
Window. Features include 
Conrad’s patented cascade 
system, recording control- 
ling of temperature condi- 
tions, quick action door 
locks, and heavy duty in- 


For More Information 
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NEW PRODUCTS... 


A “Reader Service Card’ requiring no postage is bound into this 
jssue for the convenience of those desiring additional information on 
new products, new literature (Page 24 and other announcements. It 
is keyed in the text as “EQ RSC."’) 


Available with single or 
multiple-inputs. 


n Circle EQ RSC #1 
* 


sound pressure. Said to pro- 
vide 100 times more sound 
power, and instantaneous 
peaks of 16 times RMS 
values. Stentor 205 gener- 
ates 170 db sound power 
level for mass air-flow of 
6.7 Ib./sec.; STENTOR 204, 
160 db SPL at .67 Ilb/sec. 
Generators have two or 
more overlapping rotors 
with different speeds for 
sequence of rectangular pul- 
ses, and distance between 
pulses and width of pulses 
are variable. High output 
is said to permit testing 
complete systems in rever- 
berant chamber (illustrated 
at top) or traveling wave 
tube (bottom). 


For More Information Circle EQ RSC #2 
* * 


dustrial casters for mobility. 
Costs about one-third more 
than a single duty unit. 


For More Information Circle EQ RSC #3 


SHOCK AND VIBRATION 
ISOLATORS for tempera- 
tures up to 500° F. have 
been added to MB Electron- 
ronics’ Ilsomode line. Consist 
of two load carrying springs 
mounted in opposed posi- 
tions with built-in damper 
assembly to restrict reson- 
ant buildup. No external 
cooling needed. Meet MIL- 
E-5272A vibration and shock 
specs. 


Circle EQ RSC #4 


THREECUBIC-FOOT 
TEMP. CHAMBER with op- 
tional relative humidity has 
been added to Tenney Engi- 
neering, Inc.’s standard line. 
A 10 cf model was prev- 
iously the smallest available 
with the humidity option. 
Standard features of the 
Tenney-3: —40°, —100° or 
—120° F. to +240° or+350° 
F; one hour from ambient 
to —100° F., 70 minutes 
from ambient to +350° F; 
patented cascade Freon 13 
and 22 mechanical refriger- 
ation. Options include CO, 
refrigeration, and relative 
humidity of 20% to 95% in 


For More Information 


* 
SINE WAVE VIBRATION 
SYSTEM, 70 pounds force, 
by Ling-Altec Electronics, 
Inc., provides continous op- 
eration for testing small 
components and systems 
over 5 to 2,000 cps freq 
range. No impedance chang- 
ing or manual power factor 
correction is needed. 
Couples a Model RA-250 
power generator driving a 


For More Information 


* 
LINEAR ACCELERO- 
METER by Genisco, Inc., 
provides an AC output volt- 
age proportional to applied 


GENISCO 


ACCELEROME 
“Obey 


| 


For More Information 


SUPERSONIC, STRUT- 
MOUNTED TEMPERA- 
TURE PROBE by Propul- 
sion Development Labora- 


. tories, Inc. takes high alti- 


tude readings. Resistance 
bulb and_ thermocouple 
sensing element are ther- 
mally balanced through an 
integral anti-icing element. 
Temp range —100° to 800° 
F., altitude range sea level 
to 150,000 ft., mach .20 to 3. 


For More Information 


LABORATORY TURRET, 
Model BL-4200, by T & S 
Brass and Bronze Works, 
Inc., handles gas, air or vac- 
uum service and is fitted 
with standardized and inter- 
changeable heavy duty hose 


For More Information 


the dry bulb range of 35° 
to 185° F., limited by a 
35° F. dew point, 5% at 
160° F. 

Circle EQ RSC #5 


Model 227 electro-dynamic 
shaker. The same generator 
will also drive an acoustic 
vibration system. Power 
generator components _in- 
clude Altee 260A amplifier. 
Model 227 wide-band shaker 
has a maximum output of 
150 Ibs-force. It has a dual 
magnetic field and high first 
resonance of about 9,000 
eps bare table. 

Circle EQ RSC #6 

* * 

acceleration. Gas damped, it 
provides an essentially con- 
stant ratio over a very-wide 
temperature range. Sup- 
ports allow a low spring 
constant on the sensitive 
axis, but rigid constraint on 
the non-sensitive axes. The 
pickoff is electrically sim- 
ilar to a rotary differential 
transformer. Features: out- 
put impedance below 500 
ohms, high output power 
with low distortion and 
range of +.5g to +50g. with 
total accuracy better than 
+294 at full scale. Operat- 
ing temps are —60° to 
+160° F. Two inches in dia- 
meter, 2%” long. Weight is 
less than 1 Ib. 


Circle EQ RSC #7 


Meets MIL-E-5272B (vibra- 
tion) and MIL-B-7990A (re- 
sistance bulb) specs. 


Circle EQ RSC #8 


cock. Heavily chrome plated 
turret has a %” IPS female 
inlet and is available with 
one, two (90° or 180°) three 
or four hose cocks. Also sup- 
plied without hose cocks 
and with %” IPS female out- 
lets. 

Circle EQ RSC #9 
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ACOUSTIC VIBRATION 
SYSTEM by Altec Lansing 
provides high intensity 
sound equal to the shriek of 
the loudest jet and missile 
engines. Designed to repro- 
duce frequency and ampli- 
tude conditions equal to 
actual flight, it consists of 
an aluminum double wall 
reverberation chamber with 
30-cubic foot capacity and 
16 low freq and 16 high freq 
loudspeakers. Eight 260- 
watt Altec power amplifiers 
covering the lows and highs 
are frequency controlled by 
two band pass filters slaved 
to a pair of pre-amps which 


For More Information 


For More Information 


VACUUM OVEN WITH RE- 
CIRCULATING BLOWER 
by Grieve-Hendry Co., Inc. 
provides vacuum to 29.5 in. 
mercury by rotary vane type 
cooled pump with forced 
feed lubrication. Tempera- 
tures to 500°F. input of 45 
kw for fast heatup is auto- 
matically reduced to 15 kw 


feed a third pre-amp which 
mixes the outputs and 
drives the speakers with up 
to 147 db of white noise. 


Circle EQ RSC #10 
* * 


ULTRA-TEMP OVENS by 
Blue M Electric Co. have a 
temperature range from 
150° F. to 1200° F. with a 
control point of + 2° F. 
Automatic control propor- 
tions external thermocuple 
resistance and shifts pointer 
control closer to point of 
actuation. Ovens guaranteed 
to meet Air Force MIL-H- 
6088A. Units come in four 
standard sizes from 1 to 
11 ef. 


Circle EQ RSC #11 


after heaters have reached 
maximum surface’ temp. 
Doors cn each end of the 
48 x 72in. work chamber 
facilitate straight line proc- 
essing. Recirculating blow- 
er increases speed in work 
load heating before and dur- 
ing vacuum pumping. 


For More Information Circle EQ RSC #12 


TWO CHANNEL POTEN- 
TIOMETER RECORDER by 
Varian Associates, Instru- 
ment division has two stand- 
ard and _ (four optional 
speeds, weighs 35 pounds 
and is available in either 
portable or panel mount 
versions. Both pens of 
the Varian G-22 traverse 
full width of 5-in. chart. 
Range is adjustable from 
0-9 mv to 0-100 mv. Chart 
speed options range from 
1/8 in/hr to 8 in/min. Ac- 
cessories include alarm con- 


For More Information 


HIGH-SPEED 16mm PULSE 
CAMERA, Model 360, by 
Chadwick-Helmuth Co. can: 
handle pulsing rates up to 
18 frames per sec, with the 
50 ft. film magazine pro- 
viding two minutes of vibra- 


For More Information 


tacts, retransmitting poten- 
tiometers and event mark- 
ers. 


Circle EQ RSC #13 


tion testing at this rate. 
Designed for use with strobe 
lights it can produce with 
accessory equipment slow- 
motion movies of vibration 
or other cyclic tests at 
speeds up to 10 ke. 


Circle EQ RSC #14 


PLASMA GENERATOR by 
Avco Research and Advanc- 
ed Development Division said 
to provide a relatively inex- 
pensive source of tempera- 
tures ranging from 2,500° to 
above 12,000° F. Measures 
only 2% x 9 in. and weighs 
31% lbs. Can be fired into a 
vacuum or pressure cham- 
ber without major modifica- 
tion. The plasma jet oper- 
ates from standard welding 
generator using commercial 
bottled gas, such as argon, 
nitrogen or helium, and tap 
water is used for cooling. 


Standard nozzle is .375 in 
inside diameter; others 
from .25 to .5 in. available, 


For More Information Circle EQ RSC #15 
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RANDOM WAVE VIBRA- 
TION TEST SYSTEM for 
automatic programming, 
Model CP-5/6R by Ling- 
Altec Electronics, Inc., re- 
peats standardized random 
noise and sine wave tests 
at the push of a button over 


5-10,000 cps freq range. No 
impedance changing or man- 
ual power factor correction 
is required. Said to be the 
first completely integrated 
amplifier-console for rab 
dom operation, meeting all 
government and _ industry 
vibration test specs. Con- 
sole measures 4 x 10 ft., and 
houses power generator, 
field and degaussing supply 
cycling oscillator, servo 
system and controls. Pro 
vides a peak random force 
of 2500 Ibs., and sine wave 
vector force of 1500 Ibs. 
with a Ling Model A-174 
shaker. 


For More Information Circle EQ RSC #16 


MULTI-PURPOSE FIX- 
TURE essentially resonant- 
free below 2,000 cycles dur- 
ing normal use in vibration, 
shock and acceleration tests 
by Avco Research and Ad- 
vanced Development Divi- 
sion. Can handle specimens 
in three mutually perpendic- 
ular axes simultaneously. 
Transmissibility factor said 
not to exceed 1.10 up to 
2,000 cps. Made of cast 
magnesium. Available in 
sizes for 1,500 and 5,000 g- 
pound exciters, smaller 
unit has dimensional capac- 
ity of 6 x 6 x 4% in. up to 
6 lbs., larger can handle 12 
x 12 x 9% in. to 25 Ibs. 


weight. Similar fixtures us 
ing beryllium have also 
been developed for more de 
manding test programs. 


For More Information Circle EQ RSC #17 
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HIGH VACUUM PUMPING 
SYSTEMS by General Vacu- 


um Corp. includes caster 
mounted portable units of 2, 
4 and 6-in., and skid-mount 
ed assemblies, 10, 16 and 32 
in. The Series 1400 line it 
cludes manifolding, valves, 
air and water piping, wiring 
and controls ready for 
coupling. Diffusion pumps 
with mechanically refriget- 
ated or liquid nitrogen cool 
ed traps. Mechanical boos 
ters are added for rapid 
pump-down where outgas 
sing is heavy at intermedi 
ate pressures. Pictured 
Type 1410, a 10-in. diffusion 
system. 


For More Information Circle EQ RSC #18 
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THREE-KW AMPLIFIER, 
Mode! T-151 by MB Elec- 
tronics has less than 5% 
distortion and noise & hum 
level 40 db below signal at 
full output. Features include 
a automatic power factor 
corrector and a 5-5000 cps 
wide band cycling oscillator 
with automatic acceleration 
and displacement control. 
Various exciters of freq 


PORTABLE TENSILE 
TESTERS, by Steel City 
Testing Machines, Inc., can 
perform standard tensile 
tests mounted horizontally 


For More Information 


wit 


ranges 5-3000 cps nade up 
to 2200 force-lbs. vector. 
Circle EQ RSC #19 
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BATCH TYPE OVENS by 
Blue M Electric Co. have a 
in five models with temp 
ranges of 100°-300° F. and 
100°-500° F., and supply 8 
cf of heated volume. Triple 
wall, Fiberglas insulation, 
all welded steel construc- 
tions external thermocouple 
teriors and grey enameled 
exteriors. Outside measure- 
ments: 37” W x 32” D x 
44” H. Available in 115v, 
single phase; 230v single or 
3ph; and 440v 3ph. 


For More Information Circle EQ RSC #20 
* * * 


PRESSURE-VACUUM CON- 
TROLS, Type J27 (uncali- 
brated) and Type H27 (cali- 
brated) by United Electric 
Controls Co. have a switch 
differential of % + 1” w.e. 
and up. Range limits on the 
several models are within 
30” hg, vac and 15PSI. 
Stainless steel or beryllium 
bellows are offered. Switch- 
es are single pole, suitable 
for working temperatures 
up to 180°F. Available as 
normally open, normally 
closed, or double throw, 
with no neutral. Rated 3 
amp. 115/230v. AC. 


For More Information Circle EQ RSC #22 
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UNREGULATED PRES- 
SURE TO VOLTAGE SYS- 
TEM, Model DCS-2, by 


Ulitradyne, iInc., combines 
Model S-30 pressure trans- 


ducer with stable transist- 
orized electronic circuitry 
containing mostly passive 
elements. Operates from 28- 
volt DC aircraft and missile 
systems and has a signal 
output of 0-5 or + 2% volts 
DC over the rated pressure 
range. Only moving part is 
the stiff metal diaphragm, 
for resistance to shock and 
vibration and virtual elim- 


MB and either tensile or com- ination of acoustic vibration 
pression tests mounted vert- 
capacities from 5,000 to 20,- temperature-stable phase- 
000 pounds, and PT-40, 20,- using 
j 00 to 40,000 Ibs. 
/ For More Information Circle EQ RSC #21 Circle EQ RSC #23 
400,000 POUNDS 
ACCELERATION TESTING 
Modei 
| with RUCKER CENTRIFUGES is 
large Rucker Centrifuge Acceleration Test Machines provide accurate 
environmental testing of components, instruments and complete 
assemblies for military facilities, missile manufacturers, allied indus- 
be tries participating in the rocket and missile development program. 
L180 
de RUCKER FEATURES 
@ Proven design offers greatest range Complete interlocking system for 
of simulated acceleration and fail-safe operation 
combined environmental tests @ Maximum accuracy through high 
e Safety factor of 5 inertia design and precision 
| © Counter-rotating specimen platform control system 
Pr © Test chambers for temperature, e Hydraulic-pneumatic rotary joints 
" humidity, altitude and vibration @ Closed circuit TV 
ip ® Electrical slip rings @ Wave guides for all applications 
ves, Ideally suited for exacting laboratory testing or production test procedures, 
rng large Rucker Centrifuges are available in six standard acc 
for dating specimen weights from 300 to 9,000 pounds and with centrifugal 
~ capacities to 150 G. Larger models custom-designed to meet special needs. 
on Small Rucker Centrifuges also available. 
< For full details, write today to 
api 
gas 
COMPANY 
4700 San Pablo Avenue Oakland 8 California 
ATTENTION: Openings now for Qualified Engineers— for Design and Sales 


October 1959 


* * 
rs ie ie 
le. 
| 
he 
ed 
all | 
m- 
oF, P 
vO 
TO 
y | Po 45 


The Threshold of Knowledge 


(Continued from Page 14) 


There are two basic applications in G force testing. One, 
perhaps the most common, is proof testing: Subjecting an 
article or component to a G force environment. Here ac- 
curacy is of very little importance, the object being to es- 
tablish that the device will function properly while being 
subjected to forces in excess of those expected in actual 
use. Crude and simple devices suffice. 


Calibration Testing 


At the other extreme is the second application for acceler- 
ation testing, that of calibration. Guidance systems design- 
ed to take over control of a missile the instant it leaves its 
launching pad, and thereafter detect, measure, integrate 
and use information relative to accelerations in any quad- 
rant of a sphere, must necessarily be extremely precise and 
exacting. 


Obviously, these systems require the extreme in testing 
equipment accuracy. Variations in rotational speed, pres- 
ence of vibration, the tendency to increase or decrease in 
speed in a single revolution (commonly referred to as 
“wow”’), or drift due to a minute error in speed setting or 
incapability of a selected speed setting to remain fixed, all 
contribute to error. In fact, it has been proved that a 
™%-inch diameter conduit secured and standing vertically 
against the wall in a pit 25 feet in diameter can produce 
sufficient aerodynamic disturbance to cause a pip each 
time a table weighing several hundred pounds whirls past. 


In the Garden City, N. Y., plant of American Bosch Arma 
Corp. and the AC Spark Plug Division of General Motors in 
Milwaukee are highly advanced machines possessing an over- 
all performance accuracy of one part in 100,000. These ma- 
chines required numerous total departures from accepted 
practice. For example, since the maximum allowable varia- 


TWENTY-ONE-FOOT DIAMETER SILO housing the 
Genisco G-460 centrifuge at American Bosch Arma Corp.’s 
Garden City, N. Y., lab has a %-inch steel wall, seven feet 
high, a matching %-inch aluminum liner and is round to 
within 1/16th of an inch. The space between outer and 
inner walls permits air flow to maintain constant temper- 
ature within, to keep the length of the 100-inch centrifuge 
arm to 100-millionths of an inch. 


46 


PRECISION END OF CENTRIFUGE ARM of the G-460, 
which is so critically balanced that it can be set in motion 
by pushing it with the pinky, can test to 10 gs. The other 
end can handle up to 300 Ibs. at 25 gs. Arma uses the 
centrifuge to test its new Titan guidance system accel. 
erometer, which can measure accelerations as minute 
as .000005 g. 


tion in radius of gyration at the mounting platform wa 
two-ten-thousandths of an inch, a conical bearing of a par 
ticular design had to be devised. No commercial precision 
bearing could hold that tolerance. 


The basic drive system had to be constructed around i 
crystal-controlled frequency source with the means of con- 
verting the crystal output to three-phase alternating cur 
rent, variable in frequency from .3 cycles per sec. to 7 
cycles per sec. 


Also necessary were means of compensating for strain 
elongation due to centrifugal force, variation in boom 
length due to temperature changes, static precision radiw 
measurement and dynamic precision radius measurement to 
verify under operating conditions that no variation in 
radius had crept in. Means of static and dynamic balane 
ing via remote control had to be included to assure a maxi- 
mum reduction of strain and imbalance which, if present 
would result in the introduction of error. 


Combined Environments 


Any airborne or space-spanning device meets a variety 0! 
transient, and in some cases, constant environmental cot 
ditions. The means of enduring them must be evolved 0! 
disaster will inevitably follow, particularly during trans 
tional periods from the at-rest to terminal velocity, or from 
atmosphere to space, or from space to atmosphere, or in 4 
manuever or a turn in any environment. 


Under these conditions the activation of the propulsion 
system, the deviation from a natural course induced by the 
acceleration to a given velocity, or the movement through 
more or less atmospheric density all produce acceleratio 
and vibration forces. Aerodynamic forces when atmosphett 
is present cause flutter, pitch and yaw tendencies. Soni 
vibration and many other forces must be reckoned with. 


Sojourns in space bring problems of corona in electri@l 
systems, radiation from the newly discovered Van Alle! 
belts and the ever present high velocity radiation from th 
sun and outer space. Micro meteorite particles zoomitt 


(Continued on Page # 
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temperature chamber 


right where you 


need it... 


THIS ECONOMICAL MISSIMERS CHAMBER MEETS 
MIL-SPEC ACCURACIES WITH PLUG-IN SIMPLICITY 


Quickly set up almost anywhere, this new unit is 
designed to fill the need in many testing laboratories 
and company facilities for an accurate, yet economical 
temperature chamber. It can handle overflow work from 
larger chambers, run qualification and reliability tests 
on small products or components, and is ideal for pro- 
duction processing and temperature stabilization work. 

A hermetically-sealed cascade refrigeration system 
provides temperatures to —100°F, and a special heat- 
ing unit to 350°F. Temperatures are controlled to +3°F 


over the full range. 
The one cubic foot working space has a full opening 


_ door. Forced air circulation provides uniform tempera- 


tures within the chamber. 

As a standard model, this chamber is priced to be 
practical for almost anyone... will test to Mil-Specs... 
and is guaranteed for a full year. 

Write for specifications and prices on Model FT1- 
100x350, or for information on any of Missimers full 
line of environmental chambers. 


3737 San Fernando Road, Glendale 4, California * CHapman 5-8471 
Western Sales Representative: Pacific Scientific Company 


e 


Put a’ packaged 
| | 
64, 
ion 
her 
“a | A 
ion | ZA 
at / | 
in 
anc: 
axi- 
ent, 
_ _MISSIMERS INCORPORA D 


The Threshold of Knowledge 


(Continued from Page 46) 


about in outer space, unrestricted in their terrible velo- 
cities, could in sufficient densities destroy anything that en- 
countered them unless there was some way to absorb, de- 
flect or detect and avoid them. 

Therefore centrifuges which combine as many of these 
conditions as practical must be provided. Machines have 
been produced which do combine low or elevated temper- 
atures, vibration and near zero atmospheric pressure. Other 
conditions of sand, dust, salt spray, fungus and shock are 
being discussed and present few problems. Radiation will 
inevitably be required along with vibration and acceleration 
under space conditions of essentially zero atmospheric 
pressure. 

Other applications of step function G tables, spatial 
orientation tables which hold a fixed relationship with a 
point in space except for earth’s rotation, are also in de- 
mand. These, in some cases, must be combined with de- 
vices to cancel out earth rotation. 


Other Testing Devices 


The degree of accuracy required in resolving the prob- 
lems of space navigation were considered totally unreal- 
istic just a few years ago. The work of Dr. Draper and his 
laboratory personnel at M.I.T. have provided the founda- 
tion for bold steps in the direction of heretofore untold 
accuracies. The floated gyro with its fantastically low 
drift rate and the inertial accelerometer with its capability 


of detecting a .000005 part of a G unit exemplify this prog 
ress. 

Such pieces of guidance equipment, once built, must 
proven; theory of operation is not enough. Consequently, 
testing equipment capable of providing input characteristig 
of precisely known quantities or rates to a device unde 
test, with means of observing the device’s ability to deteg 
and properly interpret the phenomena presented, become 
a prerequisite of continued development. To this end, we 
have rate-of-turn tables and auxiliary equipment for thr 
hold measurement and attitude positioning. Rates of tum 
devoid of measurable variations as low as one revolution ip 
46 days are now easily available—and this is only the be 
ginning of the application of slow motion phenomena, hi 
is possible to reduce that value by a factor of 100, 1,000 o 
1,000,000 as you will; thus, one revolution without pause in 
126,000 years is available if anyone cares to wait around for 
the device to revolve once. 

Readouts to accuracies of one second of arc are now 
required and available; fractioning that value is next in 
line and being worked upon. Endless other devices are te 
quired in the field and in the missile to exercise vital com 
ponents in the static prefiring state to be certain they wil 
function as prescribed in the dynamic state of flight. 

The environmental equipment and ground support field 
has a brilliant and promising future for those who face Bg 
challenges cheerfully, logically, and intelligently. The ship§ 
in which Columbus crossed the unexplored ocean in 14% 
were highly advanced in the state of the shipping art wit 
more than 4000 years of development behind them. Spatg 
craft is only two years old. 


rooms, liquid baths, etc. 


contact Atlas—(Authorized service Rep.) 


DEPENDABLE ENVIRONMENTAL TEST UNITS 


TEMPERATURE @ HUMIDITY e ALTITUDE e EXPLOSION 
FUNGUS e SAND and DUST e CLOUD and POUR 


Atlas Engineering Corp. represents over 50 years of aggregate 
experience in the environmental field. Proven engineering design 
coupled with constant research and improvement make it possible 
for Atlas to provide “The Newest and Best For Helping You Test.” 
Write for Bulletin 957 describing standard test chambers. 


Atlas will design and manufacture upon request special test 
facilities such as walk-in altitude, temperature and humidity 


For service, parts, or any information regarding Bowser Environmental Chambers 


tlas ENGINEERING CORP, 


26 Custer St. e West Hartford Conn. 


SPECIAL 100 H.P. CHILLER 


DESIGNED TO HANDLE 

90 G.P.M. OF METHYLENE 
CHLORIDE DISSIPATING 

60 KW at —60°F. 
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COMVIRONMENTS... 


(A New Word In Space-Age Technology ) 


. . translation: “Combined Environments.” 
STELLARDYNE'S Combined Environments Facil- 
ity simultaneously submits a test unit to any com- 
binations of vibration, acceleration, altitude, high 
and low temperature and humidity concurrent with 
functional operation. 


In addition, STELLARDYNE is equipped to provide, 
per Military Specification, novel single or simple 
environments such as simulation of radiant heat from 
rocket engines, as well as combinations of environ- 
ments such as high and low temperatures with 
vibration and acceleration. Particular skill has been 
attained in simulating transient environments, like 
the rapidly-changing fluid and gaseous temperatures 
occurring in aircraft and missile systems during 
flight. For example, gas temperatures can be con- 
trolled from — 300° to + 800°F, and water-flows 
from 0 to 10,000 gpm in a fraction of a second. These 
are just a few of the many capabilities that make 
STELLARDYNE another word for Space-Age 
“COMVIRONMENTS.” 


STELLARDYNE can test and report on any 
product or component in any dimension or environ- 
ment, as well as in combinations of environments. 
Whatever your requirement — if you need answers 
— STELLARDYNE can help you, reliably, expedi- 
tiously and economically. Your inquiry is invited. 


LABORATORIES, INC. 


1525 Cuyamaca Street « Gillespie Field 
El Cajon, California 
Dial Hickory 4-TEST or HI 2-1693 
Los Angeles: STate 2-7679 
WRITE TODAY FOR ILLUSTRATED FACILITIES BROCHURE 
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(Continued from Page 36) 


amplification is necessary in driving oscillograph units directly. 
Output impedance is described as high if impedance-matching 
(e.g., cathode follower) circuits are necessary if the signal is to 
be transmitted satisfactorily by cable. If the output impedance 
is characterized as low, such refinements as the use of co-axial, 
low-noise cable are required only for unusually precise measure- 


ments under adverse conditions of cable movement, electriggl 
background noise and so forth. 

Velocity Pickups. The characteristic frequency vs. velocity, dip 
placement (peak-to-peak), and acceleration plot for a seismip 
velocity or displacement pickup is given in Fig. 16, with nog 
as to the typical sources of the limitations represented by the ® 
sides of the polygon. The principal type of instrument in this 
field is the electrodynamic velocity pickup, shown in Fig. 17. 

Any seismic instrument whose case-mass motion-sensing dé 
ment is responsive to displacement and adaptable to fairly long 

(Continued on Page 


4 
con. 
magnet) 
GAS CAMPED 
FIG.I7 VELOCITY PICKUP 
‘2 
Principle: Coil attached to instrument case is RATIO 
springs and acting as seismic mass in system. e 
. Voltage generated in coil as mass moves is 5 WA] = 
rent (shorted coil) or viscous fluid damping pro- 3 Pe 4 
vided for steady-state measurements; damping os = L 
usually omitted for transient (shock) motion 
Advantages: Self-generating; high output volt- race 
bin age (100 mv/in/sec is typical value); low trans- = 
(FMCTION, RESOLUTION, RECORONG verse sensitivity. 
e ee \ Limitations: Massive unit for low frequency ° 
measurements because of travel required; some- 2 4 0 
“ what restricted frequency range. FREQUENCY RATIO (a4) 
| | | Variations: Magnet may be stationary element; FIG TWO-DEGREE-OF - FREEDOM (GAS DAMPED) 


short coil may be used in uniform, long magnet- 
ic field; magnet may be electrically energized. 


PICKUP (AFTER STATHAM) 


GIVES DOUBLE TEST CAPACITY—— 
HIGH OR LOW TEMPERATURE OR BOTH 


Harris ingenuity, traditional since 1934, is exemplified in this 
double chamber environmental testing unit. The two chambers 
are completely separate and indepeadently controlled, though 
chilled by a single refrigeration machine. Both provide complete 
temperature range from —125° F. to +250° F. Both may be 
operated simultaneously at either temperature extreme, or one 
may be set for low temperature and the other for high tempera- 
ture testing. This exceptional versatility at least doubles the unit's 
capacity since two separate tests may be run at the same time. 
In use by several major electronic manufacturers, it has proved 
dependable, effective, and highly economical for production testing. 


SPECIFICATIONS: Outside dimensions — 74” long x 36” deep x 
76” high. Net free working area in each chamber — 24” x 24” x 24” 


(8 cu. ft.). Temperature range: —125° F. to +250° F. 


ARRI 


REFRIGERATION CO. 


312 RIVER ST. 
CAMBRIDGE 39, MASS. 


Harris Model 2-8EL-AU2 2-chamber 


hi-'o temperature testing unit 


Environmental testing equipment for every re 
quirement, standard or custom models. Write for 
our advice. There’s no obligation. 
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travel may be designed and used as a displacement pickup. 
Principles discussed under accelerometers which are usable in- 
clude the differential transformer and potentiometer. 


Multi-Degree-of-Freedom Instruments 

The single-degree-of-freedom seismic system has generally 
been used as the basis for pickup design for shock and vibra- 
tion measurement. It minimizes the number of design factors 
to be controlled in producing an instrument of predictable 
characteristics and its properties are reasonably well suited to 
the task. 

Use of a more complex system such as is shown schematically 
in Fig. 18 allows additional latitude in adjusting system con- 
stants to obtain nearly unity amplitude ratio in an accelerometer 
up past the natural frequency. The theoretical response shown 
approximately doubles the frequency range throughout which 
+ 5 per cent accuracy is maintained as compared to a single-de- 
gree-of-freedom system. 

Such multi-element systems, long used in acoustic transducers 
where response is required over a far wider frequency range but 
where accuracy of a lower order is acceptable, are finding their 
way into the shock and vibration measurement field as in- 
creased demands for performance warrant the effort required to 
make the more sophisticated systems accurate and practical. 


ERRATA 


In the first article of this two-part series, Equation 9 was incorrectly 
reproduced, The correct form follows: 


In the same article, in the second paragraph of the section under ‘‘Tran- 
sient Response’’ the expression for equivalent frequency should have been 
shown as 7/T. 


Piezoelectric Accelerometers 
(Continued from Page 40) 


In this case correlation cannot be expected beyond 1000 
cps, and often 500 cps is the top limit. 


At low frequencies up to several hundred cycles, the 
sensitivity of an accelerometer can be determined very ac. 
curately on a vibration generator by measuring the fre. 
quency of pure sinusoidal vibration and using a micro 
scope to measure the amplitude of vibration. Accurate g 
ievels cannot be computed above 200 cps because displace. 
ments for reasonable g values become so small as to be 
unresolvable by ordinary microscope techniques. 


Interferometers provide, theoretically at least, very high 
resolution of small displacements, but in practice they are 
extremely complex to use and maintain. The National 
Bureau of Standards has refined interferometer technique 
to the point where it estimates the accuracy of the 
calibration to be 1-1/2% over a limited frequency range. 
High frequency calibration can be accomplished by the 
“reciprocity” technique. Estimated accuracy of this tech 
nique is 2% at frequencies below 1000 cps to 6% at 10 
KC. Independent experimental checks confirm this figure. 
However, the reciprocity technique of calibration is a long 
and tedious one and it is impractical to calibrate each ac 
celerometer in this manner. 


The comparison method of frequency calibration over 
a broad range is probably the easiest to employ. It means 
simply comparing an unknown with a previously calibrated 
accelerometer. This method is capable of producing re- 
sults to within + 1%. 


into American Research 
equipment right now! 


The most advanced testing 
techniques are being built 


Altitude, Temperature 
Humidity walk-in cham- 
ber 10’ high x 8’ wide x 
12’ deep interior with 
push-button door controls 
inside and out. 


a 

Prefabricated Tempera- 
ture and Humidity walk- tg 

in test facility with test 


space 12’ x 25’ x 15’ high. 


Sand and dust chamber > 
includes automatic dust 
density control and 
stream-lined air-flow 
design. 


Altitude chambers in any >» 
size — Altitude 200,000’ 

or higher; temperature 
+500°F and higher to 
—100°F and lower; 
Humidity 20% to 95%. 


REPRESENTATIVES 
Export: Maurice |. Parisier 


x 508 , Ottawa 4, Ontario Canada 
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NEW 
GENISCO 


CENTRIFUGES 


have 10 times greater accuracy, larger centrifugal 
capacity, greater flexibility, yet are priced lower than 


These new precision centrifuges feature a unique, high-torque, 
ball-dise integrator drive system. Constancy of boom rotation, includ- 
ing wow and long-term drift, is better than 0.05% at any speed set- 


ting —approximately 10 times more accurate than currently available | 


machines. Boom speed is infinitely variable and is measured by an 
electronic counter built into the console. 

Exceptional flexibility is achieved in the new centrifuges through 
the use of a “building block” design concept. Machines are assembled 
from six basic off-the-shelf components: drive system, drive motor, 
boom, test compartment, console and accessories. You simply select 
components to meet your specific requirements. Component inter- 
changeability permits easy modification as requirements change. Kits 
are available for modification by the customer. 


BRIEF SPECIFICATIONS 


Model Test Object | Capacity | RPM | G-Range | Test Ob. 
No. Diameter Weight G-pounds | Max. 


A-1010 | 30” table | 4950 2,500 | 800 | 


100 Ibs. to 
A-1020 | 60” arm | geag weight| 10,000 | 600 | | 12” cube 


| 96” arm | 10,000 | 355| 18” cube 


1959 


any other centrifuges now available. 


Entirely New Drive System 
An integral, variable-speed 
transmission based on the 
new Rouveral* ball-galaxy 
principle achieves high 
torque characteristics while 
maintaining the inherent ac- 
curacies of a hardened steel- 
to-steel ball-dise integrator. 


‘ Ask your Genisco representative for 
complete information today. 


( jenisco 


INCORPORATEO 


2233 Federal Avenue * Los Angeles 64, California 
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The Plus and Minus of CO, 
(Continued from Page 22) 


units which can be easily shifted to any area. Incidentally, 
large carbon dioxide storage receivers, in 4, 6, 12, 25, 40, 
and 60-ton standard sizes, are available for either or both 
of these supply systems. 

With CO,, it is a simple matter to convert high temper- 
ature ovens to low temperature test chambers. Even a ply- 
wood box can serve as a low temperature chamber for a 
temporary requirement. 


SOLID, LIQUID OR GAS? 
SOME TIPS ON CO: USES 


by John P. Antolak 
Director of Carbon Dioxide Technical Sales 
Liquid Carbonic Division, General Dynamics Corp. 


Carbon dioxide is avaliable as a solid, liquid and gas. The 
gas is not recommended for environmental work because of 
its low refrigeration capacity from the sensible heat during 
expansion. 

At atmospheric pressure, solid CO,—dry ice—is at a tempera- 
ture of —109.6° F. and has a latent heat of 246 BTU/Ib. In 
small test chambers, crushed dry ice is placed in a wire or 
expanded metal basket and air is blown across it. Tempera. 
tures approaching that of the dry ice can be obtained. Control 
equipment and the supply of refrigeration and_ refrigerant 
are fairly simple and inexpensive. 

Where testing is sporadic, or where a few, widely separated 
small cabinets are used, dry ice may be the most efficient and 
practical form of carbon dioxide. But for greater efficiency 
and refrigeration flexibility where testing is frequent, for in- 
stallations of several chambers and for chambers requiring 


large refrigeration capacity at peak demand, low pressur 
liquid carbon dioxide should be used. 

Low pressure liquid CO, is stored in insulated, coded, up 
fired pressure vessels at approximately 300 PSIG and 0° fF 
The storage vessel is generally owned and serviced by th 
carbon dioxide supplier and is made available at no charpy 
as part of a service contract. The storage unit is self-contained 
with safety devices, control instruments, refrigeration com 
pressor, level indicator and related equipment. It is necessan 
only to run electric power lines to it. 

Low pressure liquid CO, is piped through insulated line 
but heat pick-up in extended pipe lines may necessitate in 
stalling a recirculating pump to assure maximum efficiency 
the point of use. Low pressure liquid carbon dioxide has ; 
latent heat of approximately 115 BTU/Ib. It is necessary onl 
to meter the correct amount into a chamber to get any desired 
refrigeration capacity. 

Direct injection of low pressure liquid CO, is extreme) 
efficient, but when testing fuels and hydraulic oils, when mak 
ing human factor tests, or when personnel have to enter: 
test chamber, direct injection may not be practical. Unde 
such conditions, either liquid or solid CO, may be used t 
cool a solvent which is circulated through coils in the cham 
ber. Control is easy with liquid CO,. Acetone, methanol ani 
trichloroethylene are the most commonly used solvents. 

For extremely small chambers, remotely located chamber 
or chambers used only occasionally, liquid CO, is availabk 
in cylinders. This liquid has a latent heat of approximate) 
70 BTU/Ib. at room temperature. 

Actual refrigeration capacity, when using high or low pres 
sure liquid CO,, is determined by the size of the nozzle 
orifice at the point of discharge. It is customary to size the 
orifice to deliver approximately 10 per cent more than the 
peak refrigeration demand and to use a control valve to stop 
the flow of CO, when predetermined temperatures are reached 
Excessive sizing of orifices causes temperature overrides ané 
snow. 


BEMCO BUILDS 
THEM BIG 


BEMCO INC. 


17631 VANOWEN STREET 


builds 


All sizes for any test work with temperature, 
pressure, vacuuvam, sand and dust, salt spray, 
explosion, sunshine, rain, humidity, fungus, 
and combined environments. 


NORTH HOLLYWOOD, CALIF. 
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Hyge 


slashes cost of production-line shock tests 


COSTS LESS, TESTS MORE 
This new Hyge Shock Tester gives you two most widely 
specified shock pulses: 11 + 1 ms 4 Sine, and 6 + .5 ms 
Sawtooth . . . yet costs less than single-test units! 

5 SHOTS IN 5 MINUTES, 5¢ APIECE 
Low-cost bottled nitrogen powers the fast cycle . . . ready 
for the next shot in less than a minute! 

COMPACT, CAN BE BUILT INTO PRODUCTION LINE 
Height: 2914”. Base: 13” square. 


Consolidated Vacuum Corporation 


ROCHESTER 3, NEW YORK 
A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS CORPORATION 


’ EXCLUSIVE! FAST, EXTERNAL CHANGE OF WAVEFORM 


Only this new Hyge changes waveform and thrust level 
without disassembly in a matter of minutes. 


WIDEST TEST RANGE 
From gram-weight components up to bulky 150-pound 
objects. Maximum acceleration 100 G. Capacity: 15000 
pounds specimen thrust. 


Write for new Hyge Bulletin 4-71. 
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ENVIRONMENTAL BUSINESS... 


CEC’s Rochester Division Incorporates; 


Joins Tenney in Joint Venture Agreement 


With an eye to the “technical require- 
ments of the space age,” Consolidated 
Electrodynamics Corporation has turned 
its Rochester division, producer of high- 
vacuum and other environmental test 
equipment into a wholly owned subsid- 
iary, Consolidated Vacuum Corp. One 
purpose was “to accelerate a planned 
and aggressive program for the acquisi- 
tion of new products and product lines.” 


A recent move in that direction was 

the signing of a joint venture agreement 

= with Tenney Engi- 

| neering, Inc., Union, 

N. J., manufacturer 

of environmental 

| chambers. The two 

| firms will pool engi- 

neering skills and 

production facilities 

in R & D, design 

and construction of 

Frank M. Jenner extreme high altitude 

equipment “to meet pressing needs for 

advanced test equipment to measure the 

performance and reaction of men and 
machines in space.” 


The announcement said they “will 
work together in bidding on environ- 
mental chambers, with Tenney in most 
instances the prime contractor and Con- 
solidated as a joint participant.” 


Philip S. Fogg, chairman and president 
of CEC, is also chairman of CVC, and 
Frank M. Jenner, who was general man- 
ager of the Rochester division, becomes 
the new subsidiary’s president. 


@ Merger Move Deferred 


Meanwhile, a planned merger of Ten- 
ney and Victoreen Instrument Co., a 
Cleveland based company in the electron- 
ics and nuclear and radiation instrumen- 
tation field, was deferred. Directors of 
both companies said increased volume of 
business and work involved in other ex- 


Foreign Alliances 


Barry Controls, Inc., Watertown, Mass., 
and Tenney Engineering, Inc., Union, 
N. J., have announced licensing arrange- 
ments with firms overseas. Barry has li- 
censed Showa Electric Wire and Cabie 
Co., of Japan, to make and sell its line 
of machinery leveling mounts exclusively 
in Japan and non-exclusively in Latin 
America. Tenney’s arrangement is with 
DWM (Deutsche. Waggon und Maschin- 
enfabriken), which will utilize Tenney’s 
design and engineering techniques to man- 
ufacture environmental test equipment 
in the European market. 
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pansion activity made the step inadvis- 
able “at this time.” 

A recent expansion move by Tenney 
has been the acquisition by its refrigera- 
tion components division of the copper 
and aluminum coil department business 
of The Kirsch Company, Sturgis, Mich. 


Companies At Work 


Avco Corporation has received two 
nose cone orders totaling well over 100- 
million dollars. The larger, a $73-million 
contract for the Titan ICBM, is for an 
advanced design in which re-entry heat 
will be carried off by “cooking away” 
heat resistant materials, rather than being 
absorbed in a heavy metal cap. The 
other is a $36-million R & D contract 
for the Minuteman, first solid-fuel ICBM. 

International Radiant Corp., of the 
Bronx, N. Y., has received a contract 
for a series of environmental test cham- 
bers for the Army Ordnance lab at Pica- 
tinny Arsenal, Dover, N. J. They will 
be temp-alt-hum jobs up to 200,000 feet. 
plus 400°F and full humidity range; and 
temp-hum from —100° to plus 250° 
also with full humidity. 

MB Electronics has a $300,000 contract 
from Aerojet-General for a complex mo- 
tion testing system that can duplicate 
in-flight vibrations on completed rocket 
engines systems. These vibrations indi- 
rectly or directly are said to cause 40 per 
cent of all failures. 

General Electric has a sub-contract for 
an undisclosed amount for early R & D 
for the re-entry sub-system for the new- 


Swinging Its Weight 


Model RCT-21 is one of the bigger 
centrifuge acceleration testers being 
turned out by The Rucker Company, 
Oakland, Calif., manufacturer of 
hydraulic power systems and missile 
ground support equipment. Recent 
Rucker installations include Mar in- 
Denver, Lockheed-Sunnyvale, Red- 
stone, Douglas-Santa Monica and GE- 
Pittsfield. A contract for the hydra 
ulic system to control 400-ton con- 
crete doors protecting Forbes AFB’ 
Atlases was awarded Rucker recently. 


est air-launched ballistic missile, the 
XGAM-87A. Douglas is the prime con 
tractor. Earlier this summer GE got 4 
$5y2-million prime contract to develop 
the satellite space vehicle for the Notw 
program. 

Bhuie M Electric Co. is adding 
square feet to its Blue Island, IIl., de 
partments and loading and _ unloading 
facilities. Move-in date is early December 


One for the Road - Environmental Style 


Mobile exhibit developed by Pure 
Carbonic Company to demonstrate 
the use of liquid state carbon dioxide 
in environmental testing is touring 
the West, with 65 missile and air- 
craft component manufacturers on 
its itinerary. Typical of storage units 
made available by Pureco are a sta- 
tionary six-tonner and a mobile half- 
ton unit for which are claimed stor- 


age without loss over an _ indefinite 
period. A portable servo temperature 
conditioning unit by Wyle Mfg. Co. 
which is cooperating in the exhibit 
is said to provide —100° to +400°F, 
within plus or minus 2°. Rapid pul: 
downs and combined testing are als 
demonstrated on the 40-foot trailer, 
which is due to visit other parts o 
the country later on. 
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Cincinnati Sub-Zero Products, Cincin- 
nati, Ohio, has developed an unusual 
chamber that combines fairly extreme 
temperatures, altitude and humidity with 
radiation. The first of the line, a three- 
cubic-foot unit, was delivered to Bendix 
Aviation in Cincinnati for electronics 
testing. 

Constructed of 14-inch plate steel, with 
a 18x18x12-inch deep test area, the Bendix 
chamber has an adjustable temperature 
range from —80° to +180°F., altitude 
from sea level to 100,000 feet in 15 min- 
utes and up to 100% relative humidity. 
Because a water supply unit is mounted 
directly on the unit, it is completely 
mobile on four six-inch casters. 

When radiation is desired, a capsule 
of radioactive material is inserted into 


a one-inch metallic tube that penetrates 
through the chamber and extends six 
inches on each side. 

Other special accessories include pro- 


Cincinnati Sub-Zero Radiation Chamber 


gram controllers for wet and “dry bulb 
temperatures and absolute pressure. The 
chamber has interior illumination and 
an 8 x 8-inch observation window. 


Offers ‘Package’ Service 


United States Testing Company has a 
new package service to verify that test 
equipment calibration meets government 
standards. Included are a_ certificate 
guaranteeing that comparison has been 
made and a data sheet log of calibration 
at various points of the equipment scale. 
The service, on a yearly contract or when- 
requested basis, will be performed at 
U. S. Testing’s Hoboken, N. J., lab or 
at the customer's plant. 


Transducer Prices Reduced 


Ultradyne, Incorporated, has reduced 
prices an average of 18 per cent on vari- 
able reluctance pressure transducers. The 
company has a new line of pressure 
measuring systems in which variable re- 
luctance transducers are packaged with 
electronic circuitry to furnish either FM 
or high-level DC output signals. 


Sales Reps Appointed 


Ling Electronics, Inc., has named Tek- 
Sel, Inc., of Paramus, N. J., as sales rep 
in metropolitan New York City, New 
Jersey, Delaware and eastern Pennsyl- 
vania for Ling’s line of electronically- 
driven vibration testing systems and high- 
power electronic equipment. 


L.A.B. Corp., of Skaneateles, N. Y., 
has appointed Don E. Hughes Co., Glen- 
dale, Calif., as its representative in Cali- 
fornia and Arizona for environmental 
shock and vibration machines and _ trans- 
portation testing equipment. 

Ultradyne, Incorporated, has appointed 
a number of manufacturer’s representa- 
tives in the East for its pressure trans- 


ducers, pressure measuring systems and 
reactance controlled oscillators. They are: 
New England—Adellico Co., of West Rox- 
bury, Mass.; eastern Pennsylvania and 
southern New Jersey—Holdsworth Co., 
Landsdowne, Pa.; metropolitan New York 
—Memo, Inc., Hempstead, N. Y.; north- 
ern New York—Charles A. Winick Co., 
Schenectady. 


Laboratory Serve 


VIBRATION * 
EXPLOSION 
TESTING 


SHOCK 


AT YORK 


MEMBER: ASTM 


RADIO INTERFERENCE 
ELECTRICAL 
CHEMICAL ANALYSIS * 


A COMPLETE TESTING SERVICE 


For Government and Industry 


RESEARCH 


CERTIFIED LABORATORY 


QUALITY 
CONTROLLED 
RESEARCH 

CORPORATION 


Let New England’s Largest and Most Complete Independent Testing 
Outstanding Centralized Facilities 


You With Its 


HUMIDITY 


MECHANICAL 
QUALITY CONTROL 


TEMPERATURE a 
ELECTRONICS 


FUNGUS 
PRODUCT 
HELIUM LEAK DETECTION 
MARKET RESEARCH 


PHONE OR WRITE FOR LITERATURE describing our complete facilities. Our experienced 
staff is available day and night for consultation on your testing problems. You are 
cordially invited to visit us at any time. Just 40 minutes from Manhattan — Exit 9 
on Connecticut Turnpike or Exit 36 on Merritt Parkway will bring you to our door. 


YORK RESEARCH CORP. 5 RESEARCH DRIVE STAMFORD, CONN. 


NEW YORK LEASED LINE: MElrose 5-6378 


CONNECTICUT TRUNK: DAvis 3-3179 
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everyone talks about 
“RELIABILITY ’’... 


MURPHY 
MILLER 


BUILDS 


Long before “reliability” 
became the magic word in 
describing every conceiv- 
able type of equipment, 
Murphy & Miller was 
building environmental 
test equipment that de- 
livered reliability in terms 
that could be measured: 
CONTINUOUSLY AC- 
CURATE PERFORM- 
ANCE UNDER THE 
MOST RIGOROUS OP- 
ERATING CONDITIONS. 
(We will always build re- 
liability into everything 


that bears our name.) 


SIMULATION CHAMBER 
@ Sea Level to 350,000 ft. (760 MM Hg to ¥% Micron) 


COMBINED TEMPERATURE 
and VIBRATION 
SIMULATION TEST CHAMBER 


@ Sizes 1 to 64 cubic feet 

@ Temperature Range: —120°F. 
to +500°F 

@ ALL STAINLESS STEEL TEST 
SPACE 


@ Optional Recording, Control- 
ling, and Programming Equip- 
ment Available 


@ Self Elevating Chamber Avail- 
able (Optional) 


COLD TEST CHAMBER 


@ Temperatures to —200°F 

@ Stainless Steel Test Space 

@ Forced Air Circulation 

@ Heating cycles available to 
300°F 


@ Test space capacities start at 
1 cu. ft. 


For the best in environmental test 
check Murphy & Miller first. Write for 
illustrated circular. 


murphy 2 miller, inc. 


622 West Taylor Street @ Chicago 7, Illinois 
Engineering Representatives In All 
Principal Cities 
MEMBER OF ENVIRONMENTAL EQUIPMENT INSTITUTE 
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To Meet the International Demand for International 
Radiant Environmental Test Chambers 


The acceptance for International Radiant 
Environmental Test Chambers by private industry 
and government agencies has been tremendous... 
especially for the new ThermaLine Series 400 
Test Chambers. Our expanded quarters will allow 
us to continue to keep ahead of the rapid industry 
advances in order to meet these new demands. 
The unexcelled quality of IRC Test Chambers 
will remain the same, but we can now provide 
you with even quicker deliveries and even 
greater service than ever before. 


NEW ADDRESS 


international Radiant Corporation 


Subsidiary of Rubel Corporation 


Tomorrow’s Environments . . . Today! 
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We re 'MPORTany NEws FOR You; 
Coming Soon 
Environments) Test Chambers 
A Series of LOW Standarg 
Production Models Featuring. 
° Designs 10 Mees Military esting 
| OF -the-Sheyy Deliveries) 
| Stretchin. Facilities; 
| Wide Range of 
| WaTcH for the ValuLing from 
Internationa) Radiant Corp, . . ‘SOon 
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SINUSOIDAL and RANDOM VIBRATION | : 
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(FIRST OF A SERIES) 


While many people had been interested in the effects of 
shock for years, it was not until World War II that the phenome- 
non began to be studied on a scientific basis. Proper credit for 
beginning the study belongs to the British Admiralty. 


The shock problem came into focus when the ship’s guns 
were fired or when a ship experienced a “near miss”. The hull 
remained undamaged, but equipment was often rendered in- 
Operative by the shock, even to the extent of crippling the ship. 
In addition, the cast-iron mounting feet used on much of the 
equipment would often fracture under shock, allowing the equip- 
ment to “float” within the hull and constituting a personnel 
hazard. 


Under wartime pressures to preserve every ship for service, 
the English designed the classic “high impact” machine to study 
the problem. This device simulated a bulkhead with heavy steel 
plate and dropped a 400-pound weight against it. The maximum 
drop height was five feet, with the intent of duplicating the effect 
of guns and near misses. Basically, this first shock testing ma- 
chine was designed to simulate damage rather than to define 
shock pulses. 


The machine was modified and manufactured for the U. S. 
Navy and has been used in the standard Navy tests for qualifying 
shipboard equipment up to present times. The original machine, 
called the light-weight high-impact shock machine, used a 400- 
pound hammer and tested equipments up to 400 pounds. A 
medium-weight high-impact machine followed, which used a 
3000-pound hammer and tested equipments up to 4500 pounds. 
A high-impact machine for equipment weights over 4500 pounds 
has been designed but has never been manufactured. 


SHOCK TESTIN 


Little work has been done on studying the shock motion 
produced by these machines. One good reference is “A Guide 
for Design of Shock Resistant Naval Equipment,” published in 
1949 as an unclassified, non-registered publication by the Bureau 
of Ships and written by Charles E. Crede and Miguel C. Junger 
of Barry Controls. 


While the high-impact machine solved the immediate war- 
time problems of shock testing for shipboard installations, and 
is still in use in most well-equipped laboratories, it was inade- 
quate for studying the variety of shock problems associated with 
small electronic equipment. The sudden, high shock of big guns 
and near misses was not the sort of shock experienced by smaller 
components in terms of peak acceleration and time duration. To 
solve this problem, the Armed Forces developed JAN-S-44 
specification, defining a machine to test for such shocks as en- 
countered in handling and shipping. Built to specification by a 
number of suppliers, among them JAN Hardware Manufacturing 
Company in Long Island City and the New England Trawler 
Equipment Company of Chelsea, Massachusetts, the JAN-S-44 
machine utilized the free-fall gravity drop principle. It dropped 
a spring-mounted platform against a tool-steel plate, with manual 


’ lift and rebound catch. 


The JAN-S-44 machine had a nominal load capacity of 
only four pounds, and the growing weight and complexity of 
avionic gear forced a modification of the basic approach. While 
use of the gravity free-fall technique had proved feasible, the 
problems inherent in larger loads, controlled rebound and 
different wave shapes, together with those involved in spring 
constants, made it clearly apparent that a different design would 
have to be used to meet the changed requirements. 

(To be continued) 


Write for: “Designing for Shock Resistance” by Charles E. Crede and Miguel C,. Junger. 
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‘highest altitudes 
to earth 


What happens to men or machines at 200,000 
feet...or 400,000 feet...or 600,000 feet...or ??? 


Tenney Engineering has pioneered in the develop- If the rigors of high altitude must be met by your 


oF ment and manufacture of environmental cham- products, investigate the environmental cham- 
“ bers that simulate the extreme conditions en- bers, standard or custom-designed, manufactured 
o i countered at exceptionally high altitudes. No by Tenney, world leader in environmental equip- 


other engineering group has as much combined ment. Write for complete information. 
experience in this particular activity. 


at 


CHIME 


ENGINEERING, INC. 
1090 SPRINGFIELD ROAD, UNION, N. J. PLANTS: UNION, N. J. AND BALTIMORE, MD. 
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